


The economics of cathodic protection 


demand a stable 


pipeline coating 


\ K Foes considering the installation of 

Cathodic Protection for pipelines, it is 

important to select a pipe protection 

whose underground electrical insulating properties are not affected by 
varying moisture content of the soil during changes in season, weather 
or by time itself. Obviously, the correct amount of electrical current 
cannot be varied continually to compensate for the fluctuations in 
current required. 

Barrett Coal-tar Enamels possess this all-important stability of high 
dielectric strength. Because of their resistance to moisture absorption, 
they provide a constant, uniform and long-lasting stable insulation. 

Coal-tar Enamels, applied by the modern mechanical methods now in 
use, and electrically inspected, assure the proper continuity of a stable 
insulation—and require less current and smaller capacity equipment 
to make Cathodic Protection economical. 

The effectiveness of Barrett Coal-tar Enamels in preventing corrosion 
in conjunction with Cathodic Protection has been established through 
years of service in all types of soil and climatic conditions. A dependable 
guide to engineers when designing corrosion-proof pipelines. 


FIELD SERVICE: The Barrett f 

Pipeline Service Department 

and staff of Field Service THE BARRETT DIVISION 
men are equipped to provide 
both technical and on-the- 
job assistance in the use of 40 Rector Street, New York 6, N. Y. 
Barrett Enamel, COAL-TAR 


ENAMEL 


ALLIED CHEMICAL & DYE CORPORATION 
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SELENIUM 
athodic Protection 


RECTIFIER 


Above illustration shows enclosure door op2n, with instrument 


panel tilted forward for inspection. 


Class 930 Rectifiers are available for either 
single phase or 3 phase A.C. power supply. These 
rectifiers can be self-cooled, fan cooled or oil 
cooled. 


The selenium rectifier stacks have practically 
unlimited life; are able to operate throughout a 
wide range of ambient temperatures; only light 
assembly pressures required to establish and main- 
tain good connections between plates; has sus- 


@ Cathodic Protection Rectifiers 
have “Selenium” rectifier stacks. 


@ Available for use on single phase 
or 3 phase A.C. Power. 


@ Available - self cooled, fan 
cooled or air cooled. 


@ Available in all D.C. voltages 
and current outputs desired. 


©@ Complete unit including rectifier 
stacks, control, weatherproof en- 
closure and pole mounting brackets 


®@ Rectifier fully protected against 
overload by means of thermostat 
and current overload relay. 


®@ Rectifier stacks, transformer, 
meters, thermostat, circuit breaker, 
tap switch, etc., mounted on panel 
which can be easily removed for in- 
spection. 


@ Easily installed - High efficiency 
- Low maintenance. 


tained efficiency, as the efficiency decreases only 
5% or less after 1,000 hours of use. 


Unit consists of Rectifier Stacks, A.C. Circuit 
Breaker, Transformer, Tap Changing Switch, 
Auxiliary Relay, Thermostat, Thermal Overload 
Relay, D.C. Ammeter, D.C. Voltmeter and Fan 
(on fan-cooled) enclosed in weatherproof heavy 
gauge enclosure, complete with pole mounting 
brackets and bolts. 


NELSON ELECTRIC MANUFACTURING CO. 


TULSA, OKLAHOMA 


217 North Detroit 


Telephone 2-5131 


Manufacturers of: 


Explosion Resisting Motor Controls 
Junction Boxes and Enclosures 
Circuit Breakers and Lighting Panels 


Oil Field Motor Controls 
Automatic Pipe Line 

Sampling Devices 
Cathodic Protection Equipment 


Switchboards 

Instrument and 
Control Panels 

Unit Substations 
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“MoveERN FACTORY 
APPLIED STEEL PIPE 
PROTECTION: -° > 


1. MACHINE PROCESSING—Cleaning—Prim- 
ing—Coating-and-Wrapping done under ex- 
acting mechanical methods. 


2. MODERN LINE PRODUCTION—all under 
one roof with controlled conditions, insuring 
prompt service with efficient workmanship. 


3. WARRANTED RAIL DELIVERY—HILL- 
HUBBELL mechanically processed steel pipe 
assures investment protection. 


4. HILL- HUBBELL PROCESSED PIPE — elimi- 
nates delays, saves time and labor, ready for 
installation upon arrival. 


GENERAL PAINT CORPORATION 


HILL, HUBBELL & CO. - Division - Cleveland, Ohio | 
BS plesk Stel omnia ee ieee 


Sere armas 
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Where 


ICKLING ACID in the root cavities of steel 

propeller blades can’t be completely neu- 
tralized or removed. Nor can it be left in the 
cavities, where simultaneous action of corro- 
sion and stress will reduce the fatigue limit 
of the blades. 

Engineers of a well-known manufacturer of 
propellers for Army Air Force fighter planes 
tried various fixtures and plugs designed to 
seal the blade root during the pickling op- 
eration. 

Some of the solution of 15% sulfuric acid 
and 10% hydrochloric acid held at 180°F. 
always managed to find its way into the blade 
cavities...until engineers devised the unique 
fixture shown above. 

Plugs seal the blade root. Absolute exclu- 
sion of acid from the cavities is obtained by 
applying dried air at—50° F. to the blade root 
under a pressure of 5 psi. Clamps which slip 
over the blade cuff ring are secured by screw- 
ing the assembly head against the blade root. 

Of the various metals tested for this spe- 


corrosion “gets the air’ 


cially designed fixture, MONEL* was found 
most satisfactory. It has the necessary strength 
and hardness plus long-lasting resistance to 
the hot, corrosive pickling solution. 

In addition, MONEL is readily shaped, 
formed and welded. The welds themselves 
are strong and corrosion-resistant. 

When you face problems in the design of 
pickling equipment, remember the advan- 
tages of MONEL. Remember, too, that we’ve 
a lot of helpful literature which you may 
have for the asking. As a starter, write for 
Technical Bulletins T-3, Monel in Sulfuric 
Acid, and T-29, Resistance of Nickel, Monel 
and Other High Nickel Alloys to Corrosion 
by Hydrochloric Acid, Hydrogen Fluoride 
and Chlorine. The International Nickel Com- 
pany, Inc., 67 Wall Street, New York 5, N. Y. 


Monel 


ONE OF THE INCO NICKEL ALLOYS 
Reg. U. 8. Pat. Off. 
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FOR 
CATHODIC 
PROTECTION OF 
PIPE LINES 


THE NEW JERSEY ZINC COMPANY’S 
HIGH QUALITY 


MIX NO. I 
ROLLED ZINC PLATES 


. an 
4 ZS 
aX 


THE NEW JERSEY ZINC COMPANY 
PRODUCTS DISTRIBUTED BY 
THE NEW JERSEY ZINC SALES CO. 
160 Front Street 221 No. LaSalle Street 
New York 7, N.Y. Chicago 1, Ill. 
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Ir you have anything to 

do with metals, this 40-page, 
illustrated booklet is just what 
you need. 


It tells you in detail about many 
grades of rust preventives and how 
to get the most protection for your 
equipment ... in all kinds of service. 
It can help you save thousands of 
dollars from the billion-dollar loss 
that Rust claims every year. 

Write Shell Oil Company, Incor- 
porated, 50 West 50th Street, New 
York 20, New York; or 100 Bush 
Street, San Francisco 6, California, 
for your copy. 


SEND FOR 
YOUR COPY 
TODAY! . 


CLIP AND MAIL TODAY—IT’S FREE! 

East of Rockies Rockies & West 
Shell Oil Co., Ine. Shell Oil Co., Inc. 
50 West 50th St. 100 Bush St. 
New York 20, N. Y. San Francisco 6, Calif. 
Yes, we want to cut our Rust losses. Send—without 
any obligation on our part—a copy of your new 
10-page booklet on Rust prevention. 
Name 
Company 


St. Address 


a 
a 
a 
# 
# 
2 
a 
z 
od 
kK 
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SHELIZ SHELL RUST PREVENTIVES 
K4 «OILS... FLUIDS... COMPOUNDS 
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USE 
TH 


in the Write on your letterhead 


for 


PETRO AU "ECONOMICS 


OF WATER 


Thee ai ef CONDITIONING” 


'D. W. HAERING & CO., Inc. 


GENERAL OFFICES: 
205 West Wacker Drive, Chicago 6, Ill. 
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5 YEARS UNDERGROUND 


prove superiority of 


FIBERGLAS* 


Underground Pipe Wrap 


Fiberglas Underground Pipe Wrap has 
passed the tests of time and the elements 
with flying colors. 

Over five years ago a recognized, im- 
partial authority wrapped the pipe, 
shown at the right, with various materials 


for testing purposes. When the wrapped ; 
@ Above: Section of underground pipe, covered with 


i gg = uncovered recently, the pet ie Fiberglas Mat, after five years of service. Volatile oils were 
ority of Fiberglas Mat was definitely still preserved in the coating, indicating many more years 


proved. The results of this test are avail- of service are available. 


able, on request. @ Below: Fiberglas Underground Pipe Wrap is easy to 
* I d 1 Pipe W ‘ handle. The flexibility and strength of Fiberglas Mat permit 
I iberg as Un erground ripe Wrap isa easy application with conventional wrapping equipment. 


thin, porous mat of long, extremely fine 
glass fibers. The mat is noncorrosive and 
does not cause corrosion in contact with 
metals, It is acid-, moisture- and heat- 
resistant. The mat has adequate strength 
for high-speed application at standard 
machine tensions. Being glass, it does 
not detract from the dielectric strength 
of the coating. Because of its porosity, it 
allows air or vapors to escape, thus re- 
taining a continuous film of coating. 
And, because of its large surface area, 
Fiberglas Pipe Wrap has a high pickup 
factor which permits more coating or 
impregnant to be used in a given thick- 
ness of mat. 


WRITE FOR YOUR COPY of this new booklet, 
describing and illustrating Fiberglas Underground Pipe © 


Wrap—for corrosion protection on all types of under- 
ground pipe lines. 
Owens-Corning Fiberglas Corporation, 
1958 Nicholas Bldg., Toledo 1, Ohio. 
In Canada: Fiberglas Canada Ltd., Oshawa, Ontario. 


fe i & & RG L AS Underground Pipe Wrap 


*T. M. Reg. U. S. Pat. Off. 





CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


This new J-M machine 


This machine was especially developed for J-M 
by Crutcher-Rolfs-Cummings .f Huust.n. 


Here’s the way to get “plus” protection 


for your pipelines in double-quick time! 


so ingenious J-M machine al- 
ternately applies two layers of 
Johns-Manville Asbestos Felts and 
two coats of enamel to give protec- 
tion against severe corrosive con- 
ditions. 

Pioneers in the manufacture and 
application of asbestos wrappings 
... Johns-Manville has gone a step 
further with this new machine. 


The J-M Coating and Wrapping 
Machine can save time and money 
for you, just as J-M Asbestos Pipe- 
line Felts safeguard the enamel on 
your lines against soil stress and 
distortion. For further informa- 
tion, write Johns- _ 
Manville, 22 East 40th — 
Street, New York 16, aj Wl 
N. Y. 


PRODUCTS 


Johns-Manville c4ésos Pipeline Felts 
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WHEN YOU SPECIFY 


HOT DIP Galvanizing 


be 
Looe bec 


Actual case histories definitely prove that 
molten zinc, applied by the Hot-Dip Galvan- 
izing Method, provides iron and steel instal- 
lations with the utmost protection against 
rust. 


‘p 
yf 


1 On oe 


a = + eee oe 


2 all 


The Membership of this Association is always 
willing to cooperate in the solution of any gal- 
vanizing problem. The American Hot-Dip Gal- 
vanizers Association, First National Bank 
Building, Pittsburgh (22), Penna. 


GALVANIZING 
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SILENT ff SAFEGUS 


| 


Against CORRO 


tection unit was installed 

near Elizabeth, New Jersey, 

for the Public Service Elec- ‘S 
tric and Gas Company, to protect 132KV under- 
ground lead sheathed power cables. 

Operating silently . . . without moving parts, the 
dependable Federal Selenium Rectifier in this com- 
pact unit provides a small, steady direct current 
which counteracts the corrosive forces in the sur- 
rounding soil, and guards against interruption of 
vital power supply to industrial plants in the area. 

For sure protection against galvanic or electrolytic 
damage to any underground power or other metal 
installation . . . a Federal Cathodic Protection unit 
is the logical choice . . . silent safeguard against 
corrosion. 

Write us today for booklet “Cathodic Protection 
and Application of Selenium Rectifiers”. . . get the 
full story of this effective means of protection. 


@ This Federal Cathodic Pro- “3 


ey 2 7.7oy, 2.22, 
“| ROWER CABLES 
Ryd 7a 77s 
GROUND BED 


Federal Welephone and Radio Corporation 





CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


e @ . Ss t 
protect your piping again 


CORROSION! 


with Dresser Style 90 Fittings... 


STOP CURRENT 


at this Insulating Coupling = 


CONDUCT CURRENT 


through these Armored Gaskets 23> 


CISSN . 
S SS 


Armored Armored 


Gasket Gasket 


Corrosion—wherever it strikes—is almost sion in mains. Protection is obtained (1) by 


always of an electrochemical nature. In gas 
service lines, for example, leakage of elec- 
tric current from homes may cause corro- 


Dresser Style 90 
SUPER-SERVICE FITTINGS 


—available with insulating 
gaskets or Armored Gaskets. 


Typical swing joint, 
using Dresser Style 90 
Fittings with a Dresser 
Insulating Adapter Gas- 
ket for connecting copper 
setvice to main. Adapter 
gasket provides for both 
electrolytic protection 
and reduction to copper 
tubing size. 


insulating services at the main—or (2) 
by draining current from mains. Thus, ac- 
cording to piping design, either insulating 
or conducting fittings are required. 

Dresser Insulating Couplings and Fit- 
tings (high resistance) and Dresser Cou- 
plings equipped with Armored Gaskets (low 
resistance) meet requirements of any elec- 
trolytic or cathodic protection system. 

In addition, they are easy to install (no 
exact pipe cutting, threading or alignment 
are necessary), are tight, flexible .. . and 
last for life of the line. 

Dresser has a complete line of pipe 
couplings and fittings. Call or write for 
help on any pipe joining or corrosion 
problem. 


DRESSER MANUFACTURING DIVISION 
Bradford, Pa. 
In Texas: 1121 Rothwell St., Sec. 16, Houston, Texas 
In Canada, Dresser Manufacturing Co., Ltd., 
60 Front Street, West, Toronto, Ontario 


yy : FF FF >} me -S Ss 


DRESSER 


ONE OF THE DRESSER INDUSTRIES for Small Piping 
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Famous Facets 


The first Pony Express started 
from both Sacramento, Califor- 
nia, and St. Joseph, Missouri, 
1,960 miles apart, at 5 p.m. on 
April 3, 1860. There were 80 
riders and 420 horses. Riders 
changed ponies at relay stations 
10 miles apart and the distance 
was covered in 8 to 10 days. Let- 
ters were carried for $5.00 each 
until the service ended in Octo- 
ber, 1861. 

By 1860, Bitumastic Enamel — 
the first product of its kind — 
had already won acclaim as an 
outstanding protective coating 
for ships against internal corro- 
sion in bilges, double bottoms, 


coal bunkers, cad other surfaces 
exposed to severe corrosion. Since 
that time it has established record 
after record in resisting corro- 
sion on thousands and thousands 
of miles of buried pipe lines. 


As a pipe line coating, Bitumastic 
Enamel has the advantages over 
ordinary coating of high viscos- 
ity to assure adequate thickness 
with only one coat, .good adhe- 
sion even at low temperatures, 
and unusual resistance to soil 
stress. Bitumastic gives your pipe 
lines long-lasting, maximum cor- 
rosion protection under all con- 
ditions. 


Waites Dove-HERmISTON 
Cc 


Oo R P oO 


A T I oO N 


WESTFIELD, NEW JERSEY 


New York * Philadelphia * Cleveland * Chicago * Houston * Tulsa * Miami 
San Francisco * Los Angeles 
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For Long Life against Hot Gases 


..» ANACONDA ADMIRALTY TUBES 


ae are three heat exchangers 
built by the Alberger Heater Company, 
Buffalo, N. Y. 

They handle gases which enter the tubes 
at temperatures up to 1200° F. The gases 
are cooled by water circulating around the 
tubes through the shell. 


Three gas coolers built by 
Alberger Heater Company, 
Buffalo, N. Y., division of 
the Howard Iron Works. 
View of removable tube 
bundle shows the Anaconda 
Admiralty Condenser Tubes. 


Experience has shown that Anaconda 
Admiralty Condenser Tubes used in heat 
exchangers of this type provide longer life 
than the tubes usually employed. 

In addition to a wide choice of condenser 
tube alloys, The American Brass Company 
offers the broad experience and metallur- 
gical knowledge of its Technical Depart- 
ment in determining the most suitable 
metal for use under given conditions. Pub- 
lication B-2, containing detailed informa- 
tion, sent on request. 45130A 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 
In Canada: ANACONDA AMERICAN Brass LTD., 

New Toronto, Ont. 


Buy VICTORY BONDS 


.. help assure World Peace 
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THE DEARBORN METHOD OF RUST PREVENTION 


. .. has become standard. For years, NO-OX-ID, the 
original rust preventive, and NO- -OX-IDized ‘Wrappers 
have protected the pipe and service lines that insure the 
uninterrupted flow of gas and oil to America’s millions. 


In industry, clean parts or surfaces are vital to fine per- 
formance. Properly coated parts wrapped in NO-OX-ID.- 
ized Wrappers, the water moisture vapor barrier, and sealed 
in, defy corrosion accelerators on land,in the air, at sea, and 
protect pipe lines for the same reasons. Write for details. 


The ORIGINAL RUST PREVENTIVE 


Dearborn Chemical Compan 
Dept. CO, 310 S. Michigan Ave., Chicago 4,1. 
New York « Los Angeles « "Toronto 
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ARMCO “Spiral Welded” is a versatile 
steel pipe. It has been used profitably 
in scores of applications—from water 
and gas lines to industrial jobs re- 
quiring special prefabricated fittings. 

It’s easy to see why ARMCO Steel 
Pipe is in great demand. For one 
thing, its size-range is unusual, Diam- 
eters range from 6 to 36 inches, with 
wall thicknesses from 7%, to 14 inch, 
in any lengths up to 50 feet. Special 
coatings are optional. 

ARMCO Pipe is relatively light, but 
it is sturdy too. In foundation piles, 
for example, the tough spiral weld 
imparts extra lateral stiffness and high 
collapse resistance to even the longest 
lengths. When you need cone points, 
mill ends or tutting shoes, these can 
be mill-attached. 


Uses include water, oil and gas 
lines; prefabricated pipe and fittings 
for special industrial layouts; founda- 
tion pipe, caissons and dredge pipe— 
in fact, wherever pipe can be used to 
advantage. 

For your next piping job ask for 
ptices and shipping dates on ARMCO 
Spiral Welded Steel Pipe. Just address 
Armco Drainage & Metal Products, 
Inc., Welded Pipe Sales Div., 2561 
Curtis Street, Middletown, Ohio. 
EXPORT: THE ARMCO INTERNATIONAL CORPORATION 


nd 
ARMCO STEEL PIPE 
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Electrolysis Surveys on Underground Cables 


By L. J. Gorman 


Consolidated Edison Company of New York, Inc. 


HE CONTROL of electrolytic 

corrosion on an_ underground 
cable system requires an adequate 
supervision of the various factors 
causing corrosion and the mainte- 
nance of the measures adopted for 
its mitigation. The supervision and 
maitenance are accomplished through 
surveys and tests systematically 
planned to check periodically the 
conditions existing on the system 
and to obtain the information re- 
quired for the application of correc- 
tive measures. The test methods 
used are of primary importance and 
must yield data that will correlate 
with the actual corrosion experi- 
enced. 

This paper presents a summary 
of the test methods and practices 
which are the outgrowth of long ex- 
perience with electrolysis and corro- 
sion on the power system cables of 
the Consolidated Edison Company 
of New York, Inc. The system com- 
prises approximately 22,000 miles of 
underground  lead-covered cable 
operated in cable ducts and subject 
to a wide variety of soil and duct 
conditions. : 

The principal causes of corrosion 
are identified as 1, direct chemical 
attach, 2 stray current electroly- 
sis, 3 galvanic attack between the 
lead sheath and other metals, and 
t electrolytic cell corrosion result- 
ing from environmental conditions. 
Approximately 65 percent of the 
corrosion experienced on the system 


is attributed to the various environ- 
mental types of electrolytic cell. 
Stray current electrolysis has been 
reduced to minor proportions 
through the cooperative efforts of 
the several electric transit systems 
and the cable and pipe operating 
utilities concerned. However, the 
stray current problem still exists, 
potentially, and its control must be 
exercised through the continued 
supervision and maintenance of the 
various measures that have been in- 
stalled for electrolysis mitigation. 

A detailed discussion of the elec- 
trolysis conditions affecting the 
Consolidated Edison System and 
the various methods adopted for the 
control of corrosion are presented 
in a recent paper by the author (1). 
The following is a description of the 
survey methods and the methods for 
analyzing the electrolysis test data 
to evaluate the severity of corrosion 
conditions. 


Electrolysis Surveys and Tests 


The electrolysis surveys and tests 
may be grouped into three general 
categories, namely: 1, Maintenance 
Surveys, 2, General Surveys and 3, 
Special Investigations. 

The “Maintenance Surveys” are 
made at selected locations on the 
system to check the existing elec- 
trolysis conditions, and to detect any 
new conditions resulting from oper- 
ational changes in the electric 
transit systems or as a result of al- 


163 





164 


terations or extensions to the cable 
system. The test locations include 
all railway drainage connections, 
bonds to foreign cable systems, 
cathodic protection installations, as 
well as other key points on the 
system. Usually, the maintenance 
tests are scheduled on an annual 
basis. Some installations such as 
those involving drainage switches, 
rectifiers and other special equip- 
ment are inspected more frequently. 
In other cases, where the conditions 
are well stabilized, an inspection 
every two or three years is suf- 
ficient. 

The 


“General Electrolysis Sur- 


veys” are made for the purpose of 
locating corrosion areas and to ob- 
tain general information on the elec- 
trolysis conditions affecting the sys- 
tem. Where required, the general 
surveys are supplemented by special 


tests to determine the protective 
measures to be installed in areas 
subject to electrolysis and corrosion. 
The surveys are planned to cover 
systematically the various parts into 
which the system is divided for the 
purpose of the survey. Particular 
consideration is given to localities in 
which changes in the electrolysis 
conditions are likely as the result 
of changes in the electric transit 
lines or to important modifications 
in the cable systems, 

“Special Investigations” are made 
in situations where a more or less 
extended investigation is required. 
Frequently they involve the under- 
ground structures of other companies 
and may be initiated by either com- 
pany depending on what structures 
are involved. The special work in- 
cludes the investigation of the condi- 
tions incidental to corrosion failures 
and the surveys and tests made in 
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connection with 
cable installations. 


Test Methods 


The test methods employed for 
stray current electrolysis surveys 
have been fairly well standardized 
and the test procedures are de- 
scribed in detail in the various pub- 
lications on that subject (2), (3). In 
situations involving only stray cur- 
rent, the standard procedures con- 
tinue to give satisfactory results. 
However, the usual stray current 
electrolysis tests do not yield in- 
formation on the local electrolytic 
cell conditions existing between the 
test points because of the wide vari- 
ations in the soil and duct condi- 
tions from point to point along the 
cable ducts. For this reason, other 
test methods are required for the 
electrolytic cell types of corrosion. 

In the early 1930’s it was found 
that the usual manhole tests did not 
give information on the electrolysis 
conditions in certain localities where 
severe cable sheath corrosion was 
experienced and where the corro- 
sion could not be accounted for by 
stray current. Accordingly, consid- 
erable experimental work was done 
to develop a test method that would 
yield test data that could be cor- 
related with actual cable sheath cor- 
rosion. This work has resulted in 
the duct survey. 

During the past ten or twelve 
years, the duct survey has been used 
extensively to explore the electroly- 
sis conditions existing in duct sec- 
tions between manholes, and _ par- 
ticularly to investigate the duct con- 
ditions incidental to corrosion fail- 
ures. The duct survey is also used 
to advantage where it is desired to 
explore the electrolysis conditions in 
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ducts prior to the installation of 
new cable, Furthermore, statistical 
studies have been made of a consid- 
erable number of duct survey data, 
obtained in connection with actual 
cable failures, to establish a correla- 
tion between the test data and cor- 
rosion and to obtain information 


which can be used as a basis for 
estimating the severity of particular 
electrolysis situations. The duct sur- 
vey is now standard practice on the 
cable system of the Consolidated 
Edison Company. 


The Duct Survey 


The duct survey is made by pull- 
ing an electrode through a vacant 
duct which is adjacent to the ducts 
carrying cable. Instruments are con- 
nected between this electrode and 
the lead sheath of the adjacent cables 
as shown in Figure 1. Measurements 
of potential, current and resistance 
are made at frequent intervals (5 to 
10 feet) throughout the duct. The 
duct selected for the survey should 
be as near to the cables as possible 
and should be one of the lower ducts 
so as to obtain the most severe con- 
ditions. Where the cable is removed 
because of cable failure, it is desir- 
able to survey the duct before new 
cable is installed. 

The test electrode most generally 
used consists of a piece of cable 
12 inches long and .2.75 inches in 
diameter fitted with a pulling eye 
and test leads. Although various 
non-polarizing and other special 
types of electrode have been investi- 
gated, the most satisfactory results 
from the standpoint of field condi- 
tions have been obtained with the 
short length of lead cable sheath. 
The essential requirement is that the 
electrode be as simple and as rugged 
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as possible. A small galvanic poten- 
tial may exist between the cable 
sheaths and the test electrode al- 
though the material in both is the 
same. However, this difference is 
small (0.01 volts or less) and does 
not seriously affect the results. The 
surface of the electrode should be 
maintained in good condition and its 
electrode potential with respect to 
the’ cable sheath should be checked 
periodically using manhole or duct 
water as the electrolyte. 

The potential between the cable 
sheath and the duct wall is meas- 
ured by the voltmeter connection 
shown in Figure 1. A high resist- 
ance voltmeter or potentiometer 
should be used so as to minimize 
the errors due to electrode contact 
resistance. Voltmeters having a re- 
sistance of 400,000 ohms or more 
per volt are satisfactory for this 
purpose and are more convenient 
than the potentiometer. Because of 
the high resistance in the voltmeter 
circuit the potential of the test elec- 
trode is substantially that of the 
duct wall with which it is in contact. 
The measurement thus obtained is 
a close approximation of the poten- 
tial of the cable sheath in the occu- 
pied ducts with respect to the duct 
wall from point to point throughout 
the duct. The indicating voltmeter 
measurements are supplemented by 
a time record of the potential, taken 
at a selected point in the duct, to 
determine the characteristics of the 
duct potential. A 24-hour recorder 
having a resistance of 10,000 ohms 
per volt is used for this purpose. The 
characteristic of the record will in- 
dicate whether the conditions are 
due to an external source of poten- 
tial, such as stray current electrolv- 
sis, or to an electrolytic cell condi- 
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tion set up by variations in the en- 
vironment. Stray current potentials 
will show the usual railway charac- 
teristics whereas the electrolytic cell 
potentials will have a steady char- 
acteristic with values slightly de- 
creasing in magnitude as the result 
of polarization, In some cases both 
the railway and the electrolytic cell 
characteristics will be shown super- 
imposed on the same record. 

The cable sheath corrosion is pro- 
portional to the magnitude and 
density of the current discharge 
from the cable sheath to the duct 
wall. This discharge of current can 
be estimated from point to point 
through the duct by bonding the test 
electrode to the cable sheath through 
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a low resistance milliammeter. Since 
the resistance of the milliammeter 
circuit is relatively low, the poten- 
tial of the test electrode, in this 
case, will be substantially that of the 
cable sheath and it may be assumed 
that the current discharge per foot 
of cable at the point of test is ap- 
proximately in the same order of 
magnitude as that measured through 
the test electrode. This current, 
when flowing into the duct wall, 
will cause anodic corrosion and 
when flowing to the cable sheath it 
may result in cathodic corrosion. 
In the measurement of potential 
and current, it is important to cor- 
rect,for the I R. drop due to any 
stray current flowing on the cable 
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Figure 1—Method and equipment for surveying cable ducts. 
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sheath. Where the cables are carry- 
ing appreciable stray current, say 
from manhole A to manhole B, Fig- 
ure 1, there will be a potential drop 
along the sheath and a reading taken 
at some mid position in the duct and 
referred to the sheath in manhole 
A will not give the correct values 
for the potential and current at the 
point of test. To correct for sheath 
current the usual practice is to re- 
cord the magnitude and direction of 
the current flowing on the sheath 
and to compute the I R. drop to the 
point of test. The appropriate cor- 
rection is then applied to the read- 
ings of the potential and a corre- 
sponding correction is made in the 
current measurement, Where it is 
desired, the I R. drop over the sec- 
tion of cable under test can be meas- 
ured directly from manhole to man- 
hole by a ‘millivolt recorder, as 
shown in Figure 1. 

The duct resistance is an essential 
factor in determining the magni- 
tude of current under any given 
duct potential. The resistance be- 
tween the test electrode as one ter- 
minal and the adjacent cable sheath 
as the other is measured at each test 
point by connecting a low voltage 
battery (1.5 volt dry cell) in series 
with a sensitive milliammeter be- 
tween the cable sheath and the test 
electrode. The resistance is com- 
puted from the battery voltage and 
the measured current. The milliam- 
meter used for this purpose should 
have a sensitivity in the order of 0.05 
milliampere per division and its re- 
sistance should not exceed 2 or 3 
ohms. With suitable shunt resist- 
ance the range of the milliammeter 
can be varied to any desired value 
and the same instrument can be used 
for both the current and the resist- 
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ance measurements through the 
switch connections shown in Figure 
1. A reversing switch is required in 
the battery circuit so as to reverse 
the potential on the test electrode 
to minimize any errors due to small 
d. c. sheath potentials, polarization, 
or other effects. The battery current 
in this test is usually small and does 
not appreciably influence the battery 
voltage. However, it is good practice 
to check this voltage from time to 
time during the progress of the sur- 
vey. Other methods for measuring 
the duct resistance have been used. 
However, the method described 
above has given the most satisfac- 
tory results. 

The duct resistance as measured 
in the foregoing is somewhat arbi- 
trary and is mostly the contact re- 
sistance between the surface of the 
electrode in contact with the duct 
wall and represents, approximately, 
the contact resistance per duct foot 
of cable when the duct is occupied. 
The area of contact will vary, de- 
pending on the duct conditions. In 
dry ducts the contact area will be 
small. In ducts containing mud and 
water the contact may be an appre- 
ciable part of their total electrode 
area. The resistance of the duct 
bank, the earth and the contact re- 
sistance between the duct walls and 
the cable sheath in the occupied 
ducts are also included in the resist- 
ance measurement. However, these 
resistances are relatively low com- 
pared to the electrode resistance and 
apparently do not appreciably influ- 
ence the test results. The relation 
between contact area and resistance 
and its influence on the interpreta- 
tion of the test data is discussed in 
a following section. 

In new installations where it is 
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desired to explore the duct condi- 
tions prior to installing cable or 
where existing cables are not avail- 
able in the duct bank under test, the 
adjacent water pipe or other pipe or 
cable system can be used for a re- 
sistance survey, In such a survey 
the potential and current measure- 
ment, if made, will have no very sig- 
nificant meaning. However, the re- 
sistance measurements will give fair 
indication of the duct conditions and 
will aid very materially in deter- 
mining where protective measures 
should be taken. 

Under the usual conditions it must 
be realized that there are numerous 
points throughout the cable duct 
where the sheath is subject to small 
local potentials due to such causes 
as differential aeration, concentra- 
tion cells, etc. With the cable in 
place these potentials are not acces- 
sible for measurement, and if the 
cable is removed the original condi- 
tion no longer exists. However, the 
existence of a potential must be as- 
sumed. The potentials concerned in 
this category are local in character 
and are usually small, but in aggra- 
vated cases they may be in the or- 
der of 0.1 volt or more. In general, 
it must be assumed that these local 
potentials exist to a greater or less 
extent in all ducts containing cable. 
Their effectiveness in causing sheath 
corrosion: will depend upon the re- 
sistance of the environment in im- 
mediate contact with the cable 
sheath, and upon polarization and 
other effects resulting from the flow 
of current. This fact emphasizes the 
importance of duct resistance as a 
factor in cable sheath corrosion, and 
a factor which is very frequently 
overlooked in electrolysis work. 
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Analysis of Electrolysis Test Data 


An accurate evaluation of an 
electrolysis condition can be ob- 
tained only through the _ proper 
analysis and interpretation of the 
test data. Readings of potential and 
current have no particular signi- 
ficance unless they can be translated 
into terms of corrosion on the cable 
or piping system concerned. The de- 
sired interpretation of test data can 
be best obtained through the sys- 
tematic investigation of the condi- 
tions incidental to corrosion cases 
and studying the accumulated data 
in accordance with the appropriate 
statistical methods. 

Electrolysis test data serve two 
general purposes: 1, for individual 
cases, they serve to identify the cause 
and furnish the information re- 
quired for the application of suitable 
remedial measures to the particular 
case concerned; 2, when properly 
classified and analyzed, together 
with other similar data taken sys- 
tematically over the system, they 
constitute the basis for statistical 
studies of the conditions existing on 
the system as a whole. For this rea- 
son, the systematic taking and re- 
cording of data by trained observers 
in accordance with a well developed 
plan is of first importance in making 
electrolysis surveys and in planning 
for overall improvements on the sys- 
tem. 

The foregoing general principles 
have been applied in the analysis of 
the duct survey data with a view to 
showing the relationship between 
the data and actual cable sheath 
corrosion. For this purpose studies 
were made of the duct survey data 
obtained over a period of approxi- 
mately four years. 
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The results of the duct resistance 
surveys made uniformly over the 
system are given in Figure 2. Curve 
A shows the duct resistance plotted 
on a cumulative percentage basis for 
approximately 9500 duct resistance 
tests made at random but well dis- 
tributed points on the system. This 
curve shows, for example, that in 65 
percent of the tests the duct resist- 
ance was above 1000 ohms and less 
than 1000 ohms in 35 percent of the 
tests. Curve B of the figure is a 
similar percentage curve of duct re- 
sistance obtained in connection 
with approximately 200 cable fail- 
ures which were attributed to sheath 
corrosion. From this curve it will 
be noted that only 5 percent of the 
corrosion failures occurred in ducts 
having resistances of 1000 ohms or 
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more. Further, it will be noted that 
70 percent of the corrosion failures 
occurred in ducts in which the re- 
sistance was 250 ohms or less, 
whereas in Curve A only 6 percent 
of the total tests was under 250 
ohms. These results indicate that 
the greater portion of the corrosion 
is occurring on a relatively small 
part of the system, that is, 70 per- 
cent of the corrosion is occurring in 
approximately 6 percent of the 
ducts, In general the curves show 
the importance of duct resistance as 
a factor in the rating of cable ducts 
with respect to corrosion. On the 
basis of the data, ducts in which re- 
sistance of 250 ohms or less are 
measured are rated unfavorable from 
the standpoint of corrosion. 

For the purpose of relating test 
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Figure 2—Cumulative Percentage Curves showing the results of 
duct resistance surveys. 





CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


CABLE LIFE 


Vol. 1 


10 11 
IN YEARS 


Figure 3—Age of cable versus average current discharged through test electrode. 
Data obtained in connection with corrosion failures. 


data with actual corrosion and to 
establish a basis for the interpreta- 


tion of the duct survey, studies were 
made of the potential, current and 
resistance data obtained in investi- 


gation of the approximately 100 
corrosion failures for which com- 
plete and consistent data were ob- 
tained. 

The first attempt is shown in Fig- 
ure 3 in which the distribution of 
cable life is related to the average 
current discharged from the test 
electrode to the duct wall at or near 
the point of failure. For the purpose 
of this analysis, the cable life, from 
the date of installation to the date 
of failure, was grouped into yearly 
periods, that is, all failures falling 
within N years — 5 months and N 
years + 6 months were grouped 
under N years. The vertical col- 
umns in the figure show the aver- 
ages of the currents measured for 
the failures occurring in each of the 
yearly groups from 2 to 14 years. 


The standard deviations from the 
mean value of current were com- 
puted and shown by the vertical 
lines associated with each of the 
columns. 

The magnitude of the deviations 
and other elements in the data show 
that the variations for any period 
are more than can be attributed to 
chance and prohibit a correlation be- 
tween corrosion and the average cur- 
rent as measured. Furthermore, the 
lack of correlation is also evident 
from the fact that the contact area 
of electrode varies considerably un- 
der different duct conditions, thus 
introducing the question of duct re- 
sistance as a factor related to duct 
corrosion. 

In order to incorporate duct re- 
sistance as a factor in the analysis, 
the data were grouped for conveni- 
ence in two-year periods and the cur- 
rent plotted with respect to duct re- 
sistance on semi-log paper as shown 
in Figures 4a to 4e. A straight line 
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was drawn to show the best aver- 
ages between current and duct re- 
sistance in each of the groups. From 
these figures, curves were con- 
structed showing the relation be- 
tween cable life and current for four 
values of duct resistance as shown 
by the curves in Figure 5, In com- 
paring Figure 5 with Figure 3, it 
will be seen that the deviations in 
Figure 3 can be accounted for by 
variations in the duct resistance. Al- 
though there is some variation in 
the resistivity of the duct contents, 
it is believed that the duct resistance 
depends primarily on the area of con- 
tact. Consequently, for a given total 
discharge per foot of cable, the cur- 
rent per unit area is relatively less 
than in low resistance ducts because 
of the greater contact area; that is, 
one milliampere measured in a 50- 


ohm duct represents a much lower 
current density than the same cur- 
rent measured in a 400-ohm duct. 


The relationship between cable 
life, discharge cvrrent and duct re- 
sistance shown in Figure 5 has been 
confirmed in numerous surveys 
made since the curves were con- 
structed. For example, in a recent 
case involving an important tie 
feeder, the survey showed a duct re- 
sistance of approximately 500 ohms 
and a discharge of 0.9 milliamperes 
at a point where corrosion had pene- 
trated the cable sheath. Interpolat- 
ing from Figure 5, the probable life 
of the cable was estimated at ap- 
proximately four years. The sheath 
of the cable was penetrated by cor- 
rosion at a second point in the 
same duct where the duct resistance 
amounted to 200 ohms. The current 
was 2.4 milliamperes and the esti- 
mated cable life was slightly less 
than four years. The feeder had 
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Figure 4—Electrode current versus duct 
resistance for cable in five age groups. 
The data are those used in Figure 3, but 
recognition is given to duct resistance. 
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Figure 5—Age of cable versus current and duct resistance. Curves derived from the 
current-resistance data given in Figure 4. 
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been in service four years and two 
months at the time of the failure. 
The corrosion in this case was 
caused by soil potentials resulting 
from cinder filled soil adjacent to 
the duct bank, Potentials amounting 
to 0.7 volt were measured between 
the cable sheath and the duct wall. 
Typical duct surveys are shown in 
Figure 6. 


Identifying the Causes of Corrosion 


The procedure used for identify- 
ing the cause of corrosion in a 
particular case is substantially that 
described by Radley and Richards 
(4), supplemented by field tests. The 
severity of the corrosion and its 
veneral characteristics are deter- 


mined by an inspection of the cable, 
from which an estimate is made as 
to the probable cause as follows: 


(a) Steep-sided, sometimes under- 


cut pits, long corroded furrows 
and inter-crystalline attack indi- 
cate anodic corrosion resulting 
from some form of electrolytic 
action, either stray current elec- 
trolysis or the electrolytic cell 
type of attack. Pitting closely 
associated with score marks, 
duct rubs or other mechanical 
damage on the sheath is usually 
attributed to self corrosion in a 
low resistance duct. 


A more uniform attack in which 
the crystal boundaries are not 
subjected to preferential dam- 
age, shallow saucer-like pits, or 
corroded patches indicate some 
form of a chemical attack. An 
examination of the corrosion 
products will frequently indi- 
cate the probable nature of the 
chemical reaction. The attack 
may be due to some foreign sub- 
stance in the duct or may re- 
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sult from stray current under 
cathodic conditions. 


The laboratory inspection outline 
in the foregoing is usually supple- 
mented by a field test from which 
the final identification of the cause 
is made. Where the inspection shows 
electrolytic corrosion, the duct con- 
ditions are tested for: (1) stray 
current potentials; (2) electrolytic 
potentials resulting from soil condi- 
tions internal to the duct bank; and 
(3) duct resistance and the possi- 
bility of internal duct corrosion re- 
sulting from differential aeration or 
other types of local electrolytic cell. 
All of these electrical characteristics 
are determined by the duct survey. 

In the case of chemical attack, a 
search is made of the ducts and in 
the immediate vicinity for any 
chemical condition that would ac- 
count for the corrosion of the cable 
sheath. This usually involves a 
chemical analysis, including pH 
measurements, of the duct contents 
and manhole water. The condition 
may be due to chemicals entering 
the manholes or ducts from some in- 
dustrial operation in the vicinity, 
but is more frequently caused by 
alkaline concentrations from the 
concrete in which the ducts are laid. 
In this connection, it should be 
noted that power svstem cables are 
frequently operated at considerable 
temperature and that water collect- 
ing in an undrained portion of the 
duct is slowly evaporated leaving a 
concentration of any salt contained 
in the water. Where the cable sheath 
is appreciably negative with respect 
to the duct wall, the condition is 
aggravated. Under such conditions, 
the failure is attributed to cathodic 
corrosion. 

The foregoing procedure of in- 
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spection, supplemented by field tests, 
has given a reliable identification of 
the cause of corrosion in approxi- 
mately 90 percent of the corrosion 
failures. 


Cable Sheath Protection 


The measures used for cable 
sheath protection on the Consoli- 
dated Edison System include “elec- 
trolysis drainage,” “cathodic protec- 
tion,” “tape protected cables” and 
the use of a special cable grease 
which is applied to the cable sheath 
in ducts known to be corrosive. 

Electrolysis Drainage—Electrolysis 
drainage is used extensively for the 
mitigation of stray current electroly- 
sis. There are approximately 137 
drainage connections on the system 
in which the drainage current varies 
from 50 amperes to 1200 or 1300 
amperes at the larger substations. 
The total current drained from the 
cable system is in the order of 20,000 
amperes. This drainage system has 
proven effective in the stray current 
areas and has reduced stray current 
corrosion to 4 or 5 percent of the 
total corrosion experienced on the 
system. Drainage, however, is not 
feasible in many of the areas subject 
to the electrolytic cell type of cor- 
rosion, 

Cathodic Protection—In certain in- 
stances, where applicable, the ca- 
thodic scheme of protection is used. 
There are several of these installa- 
tions in operation on the power cable 
system in New York City. In some 
installations the anode consists of 
scrap cable installed in a vacant duct 
with its sheath connected through 
a rectifier to the cables under pro- 
tection. Scrap railroad rails buried 
adjacent to the duct bank have 
proven satisfactory in other installa- 
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tions. Where the current require- 
ments are small, bare rail is used. In 
cases where considerable current is 
required, the rail is imbedded in 
coke breeze. In one of our installa- 
tions a plain rail has been in service 
for approximately six years, dis- 
charging an average of 10 milli- 
amperes per foot of rail. 

Under the congested conditions 
found in New York City, the cathode 
method has but limited application. 
Where used, precaution must be 
taken to avoid discharging current 
to other structures which are not in- 
cluded in the protective scheme. The 
current discharged from individual 
short electrodes or from sections of 
a long electrode laid parallel to the 
cables will vary between wide limits 
from point to point, depending on 
the soil conditions. Unless the an- 
odes are sectionalized and the sup- 
ply of current to each section is 
controlled, there is danger of supply- 
ing too much current in some sec- 
tions in order to obtain protection in 
others. In such cases there is grave 
danger of cathodic corrosion in the 
sections receiving an excessive 
amount of current, In each case the 
effectiveness of the cathodic protec- 
tion installation is checked by means 
of the duct survey. 

Tape Protected Cable—Tape pro- 
tected cable is used in certain areas 
where corrosion is caused by local 
soil and duct conditions and where 
drainage or other electrical methods 
for protection are impractical. The 
tape covering which has been most 
generally used consists of coating 
the cable sheath with an asphalt 
compound and applying two layers 
of canvas tape saturated with the 
compound. This type of covering 
has afforded adequate protection for 
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ten years or more under the most 
severe corrosive conditions existing 
on the system. However, consider- 
able difficulty has been experienced 
in pulling this type of cable into or 
out of the cable ducts because of the 
increased overall diameter of the 
cable and the tendency of the com- 
pound to cement to the duct walls. 
In some cases whére attempts were 
made to remove the cable, it was 
found that the fabric had disinte- 
grated and clogged the duct so as 
to make cable removal impossible. 
In such cases the ducts have to be 
abandoned. 

secause 


of these difficulties, a 


special rubber-faced tape has been 
used in some of the recent installa- 
tions. The rubber tape is applied to 
the cable in two layers after which 
the tape is vulcanized and mica dust 
is applied. The surface has a smooth 


finish which is of considerable aid 
in pulling the cable into the duct. A 
quantity of the rubber covered cable 
was installed on an experimental 
basis in 1940 to determine its dura- 
bility and characteristics as a pro- 
tective coating. To date, there have 
been no failures in this type of 
coating, 

Cable Grease Protection—A special 
cable grease is being used exten- 
sively on the cable system for pro- 
tection in areas subject to the 
environmental types of corrosion. 
This type of protection has been 
used on the power cables in New 
York City for the past four years. 
Another company has had ten to 
fifteen years of experience with 
grease-coated cable. The results re- 
ported to date have been generally 
satisfactory. 

The grease compound used is a 
heavy, tacky petroleum grease very 
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similar to axle grease. A little light 
oil is added by the manufacturer to 
make the grease workable. The 
grease is applied to the cable sheath 
by hand as it is pulled into the duct, 
care being taken to have the grease 
rubbed on all parts of the cable. The 
quantity applied amounts to ap- 
proximately 25 pounds per 100 feet 
on cable having an outside diameter 
of 3 inches and proportionately less 
for smaller cable. In the use of 
grease for cable sheath protection, it 
is important that the cable be in- 
stalled in clean ducts. Any sand or 
mud in the duct will mix with the 
grease and leave a flaky coating 
without protective value. 

Cleaning and Flushing Cable Ducts 
—In cases where the cable sheaths 
are subject to chemical corrosion or 
in ducts in which alkaline or acid 
conditions exist, very beneficial re- 
sults have been obtained by flushing 
the duct with hydrant water before 
installing the cable. Several corro- 
sive conditions have been cleared up 
by this process. In one case, where 
ducts enter a substation through a 
massive concrete envelope, the ducts 
were flushed every three months for 
approximately one year before the 
recurrence of an alkaline condition 
was finally stopped. 

The Use of Zinc for Cathodic Pro- 
tection—Zinc electrodes are used in 
several system transformer man- 
holes to provide cathodic protection 
to the transformer banks. The elec- 
trodes, consisting of zinc bars 36 
inches long and % x 4 inches cross- 
section, are placed on the walls of 
the manholes, bonded together and 
connected to the transformer tanks. 

The zinc installations in question 
have not been in service for suffi- 
cient time to determine their effec- 
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tiveness. The potential between the 
electrodes and the steel tank 
amounts to approximately 0.45 volt. 
The zinc is anodic and there is a 
definite flow of current from the 
electrodes to the tanks, which are 
painted so that this current reaches 
the metal through the pores and 
small defects in the paint coating. 
The current amounts to approxi- 
mately 0.4 ampere for each trans- 
former tank. 

Insulating Joints—Sheath insulat- 
ing joints are used to a limited ex- 
tent on the power system cables 
where breaking the electrical con- 
tinuity of the sheath will aid in re- 
ducing a stray current electrolysis 
condition. They are most frequently 
used in connection with cable sheath 
drainage for the purpose of limiting 
the drainage current or to control 
its distribution to parts of the cable 
system requiring protection. When 
used on power system cables it is 
necessary to shunt the joints with 
suitable resistors or to bypass them 
with long insulated cables to provide 
a path for fault current in the event 
of a cable failure, In some instances. 
a special discharge gap is connected 
across the joint for protection 
against high voltage. This gap, 
which was specially designed for the 
purpose, will break down at approxi- 
mately 250 volts and carry fault cur- 
rent up to 20,000 amperes for a 
time sufficient to clear the feeder. 


Summary and Conclusion 


The mitigation of electrolysis on 
underground cables is obtained 
through the supervision of all the 
factors concerned and the mainte- 
nance of the measures installed for 
the protection of the system. The 
supervision and maintenance require 
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periodic surveys for the purpose of 
checking the existing conditions and 
to detect any new conditions that 
may arise. The value of the survey 
depends upon the test methods used 
and the proper interpretation of the 
test data. The test methods should 
yield data that can be correlated 
with the actual corrosion experi- 
enced on the system. 

The duct survey has been used 
over a period of several years to ex- 
plore the conditions existing in the 
duct sections between the system 
manholes. The duct survey data 
have been correlated with actual 
corrosion through the analysis of 
the data obtained in connection with 
a considerable number of corrosion 
failures. The results provide a basis 
for estimating the severity of cor- 
rosive conditions. 

The greater portion of the corro- 
sion experienced on the power sys- 
tem cables in Greater New York is 
caused by the environmental types 
of corrosion cell. The duct resist- 
ance, i.e., the resistance from cable 
sheath to earth, is an important con- 
trolling factor which is frequently 
overlooked in electrolysis testing. 

Protection against environmental 
types of corrosion is obtained 
through the use of protective coat- 
ings or through the application of 
cathodic protection. A large percent- 
age of the corrosion failures occur in 
a few, more or less well defined 
areas comprising a small part of the 
total system. The reduction of cor- 
rosion can be accomplished most ef- 
fectively by concentrating on the 
application of protective measures 
in these areas. 

Future development and research 
in electrolysis mitigation on under- 
ground systems should include fur- 





December, 1945 SURVEYS ON UNDERGROUND CABLES 177 


ther studies of the environmental ther study should also be given to 
types of corrosion and the further the application of cathodic protec- 
development of existing and new tion to cable systems operating in 
types of protective coatings. A fur- congested areas. 
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Marine Corrosion Testing Station at Kure 
Beaeh, North Carolina* 


HE sea-water corrosion testing 

station at Kure Beach was es- 
tablished in 1935 for the initial pur- 
pose of comparing the corrosion re- 
sistance of low alloy steels with 
carbon steel. Soon other materials 
were added to the program so that 
eventually comparative tests were 
being made on all kinds of ferrous 
and nonferrous metals and alloys. 
The testing facilities have been used 
also for observing the behavior of 
several kinds of protective coatings 


present time, the number of speci- 
mens exposed in the atmospheric 
tests is about 15,000. This is be- 
lieved to be the largest number of 
specimens on test at a single station 
anywhere in the world. The expense 
of preparing these specimens for 
test and caring for them makes the 
investment in specimens in this test 
lot amount to about $150,000. 

The number of specimens now ex- 
posed in sea water is about 2000, 
During the past 10 years the number 


Figure 1—Sea water pond at chemical plant, used for study of samples under 
marine corrosive conditions. 


both metallic and organic, including 
antifouling formulations. 

In 1940 facilities for exposing 
specimens to atmospheric attack 
were added. The atmospheric test 
is a one acre plot, with room for 40 
racks, each of which will support 
from 700 to 900 specimens. At the 


* This material received too late to be in- 
cluded in the September issue. It is a con- 
densation of data supplied by International 
Nickel Company. 


of specimens so tested has_ been 
about 4000. 

All of this testing has been essen- 
tially a cooperative effort, involving 
producers and users of materials and 
coatings. Many of those interested in 
the tests have visited the test site 
each year when specimens are with- 
drawn from the water for examina- 
tion. The average number of such 
visitors during the past five years 
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Figure 2 (above)—Racks exposed when pond is drained for examination of samples. 
Figure 3 (below)—Oyster “crop” on intermittently immersed racks of specimens. 
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has been 50 to 60 per year, repre- 
senting about as many companies, 
in addition to various government 
services concerned with sea-water 
and sea-air corrosion problems, 
The success of this effort has been 
due in large part to the unusually 
fine facilities for carrying out sea- 
water tests which are provided in 
the channel through which sea water 
is pumped into a chemical plant 
which uses a large volume of sea 
water at Kure Beach. This test site 
has the advantage of a continuous 
flow of clean sea water, plus protec- 
tion against mechanical damage 
from waves and floating objects. 
The success of this entire pro- 
gram is due in a large measure to 
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the enthusiastic cooperation of all 
parties. 


Sea-Water Tests 


The sea water is pumped into the 
reservoir shown in Figure 1 and 
flows through a channel into the 
plant at a rate of about two feet 
per second. This provides an ideal 
location for sea-water corrosion 
tests. Figures 2, 3 and 4 show the 
excessive marine growth character- 
istic of this area. 

In this testing program it is pos- 
sible to set up some tests which 
duplicate actual service. Figures 5, 
6 and 7? show results of tests on 
welded steel pipe and Figure 8 
shows tests on steel piling where 


Figure 4—Interior of salt-water intake pipe to chemical plant, showing excessive 
marine growth in this area. 
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Figure 5 (above)—Typical section of steel weld after 6 years’ service. Figure 6 
(below)—Close-up of marine growth, showing thickness of matted material. 
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Figure 7 (above)—Close-up of welded area, showing condition of bead and attack 
adjacent thereto. Figure 8 (below) 


Piling test specimens at intake basin. 
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Figure 9 (above)—Racks ready for test, showing method of handling and supporting 
them. Figure 10 (below)—Racks exposed by draining water from intake pond. 
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Figure 11 (above)—Erosion-testing disk exposed with pond drained. Figure 12 (below) 
Bars and tube brackets on erosion testing disk, showing method of attaching. 
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Figure 13 (above)—Variety of types of atmospheric test specimens, showing method of 
supporting. Figure 14 (below)—General view of atmospheric test racks and specimens. 
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periodical measurements show rate 
and type of attack. 

Corrosion resistances of various 
alloys as well as coatings are studied 
under similar conditions by mount- 
ing samples on standard racks. In 
sea-water tests these racks are 
usually submerged continuously at 
a depth of three to four feet in the 
channel where sea water is flowing 
at rate of about two feet per second. 
Figures 9 and 10 show the racks 
and methods of handling them. 

In view of the great economic 
importance of corrosion and erosion 
resistance of the alloys used in con- 


denser tubes, pump impellers, pro-— 


pellers and underwater parts of fast 
moving ships, a series of erosion 
tests has also been set up. These 
tests have been proven to simulate 
actual service to a remarkable de- 
gree, The device used is shown in 
Figures 11 and 12. 

Specimens are fastened to the 
disc and whirled through the stream 
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of sea water at velocities up to 30 
feet per second. All specimens are 
insulated from the disc and from 
each other. Sections of condenser 
tubing are placed in the braces and 
as the disc whirls the water rushes 
through the tubes under conditions 
of considerable turbulence. This ap- 
paratus gives every indication of 
providing a reliable and_ practical 
guide to the actual service which can 
be expected of materials in sea water 
at high velocity. 


Atmospheric Tests 


Provisions for atmospheric tests 
have been provided at a station ap- 
proximately 250 yards from the 
ocean shore. Details of the test 
forms and the method of supporting 
the specimens on porcelain insula- 
tors are shown in Figure 13. 

The racks face south and the 
frames are set at a slope of 30° 
from the horizontal. Figure 14 
shows the general arrangement. 


Editorial note: The front cover illustration is taken from one of the views of 
the recent examination of test specimens at Kure Beach, N. C. The racks shown 
are those of tension test specimens, exposed when the pond was drained. The 
heavy oyster and other marine growth is readily apparent. 





The Behavior of Zine-Iron Couples in 
Carbonate Soil 


By T. H. Gilbert and Guy Corfield 


Southern California Gas Company 


HE behavior of zinc in electroly- 
L tic contact with steel in various 
types of soils has become important 
from the standpoint of the cathodic 
protection of pipe lines. In order 
to determine the conditions under 
which this type of protection may 
be effective, zinc-iron couples in 
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various area ratios were recently 
buried at several test sites by the 
U. S. Bureau of Standards. 

One of these test sites is a “high 
carbonate” soil near Los Angeles. 
Tests of the soil at this site gave the 
results in the column opposite. 

Installation was made in Septem- 
ber, 1941, and the couples were re- 
moved in March, 1943. Until the 
current tire shortage made it desir- 
able to extend the periods between 
tests, measurement of electrode po- 
tentials and gaivanic currents was 
made approximately once each 
month. 


hoon Cathode 


Zine Anode 


Figure 1—Arrangement of zinc-iron couples. 
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Figure 3—Potential of zinc-iron couple anodes and cathodes referred to a copper sulfate 
electrode. Carbonate soil near Los Angeles, California. 
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Each couple consisted of an iron 
ring connected to one or more zinc 
cylinders and arranged as shown in 
Figure 1. The entire surfaces of the 
iron rings were in contact with the 
soil. The zine cylinders were sur- 
rounded by bottomless glass jars so 
that only their bases made soil con- 
tact. When installed, the area of 
each iron ring was 48 square inches 
and the area of the bottom of each 
zinc cylinder was 2.4 square inches. 

Figure 2 shows the current flow 
in the couple circuit from the time 
of installation to the last inspection. 
There seems to be no very definite 
trend of the data over long periods. 
However, for approximately the first 
six months, the group of three an- 
odes furnished three times the cur- 
rent furnished by the single anode, 
indicating that the cathodes were 
not polarized. It is also noticed that 
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after approximately 31% months, 
two anodes furnished as much cur- 
rent as three anodes for an interval 
of three months. At this time the 
current gradually decreased until it 
reached and maintained a value 
lower than the current furnished by 
the single anode. Shortly after the 
current furnished by two anodes be- 
gan to decrease, the current fur- 
nished by three anodes also began 
to decrease, and,on February 11, 
1943, this current was the lowest of 
the three couples, with the single 
anode furnishing the most current. 

In order to obtain the correct cur- 
rent values when taking current 
readings, a “zero-volt-loss” circuit 
was constructed and used with a 
multimeter in all tests. This was 
necessary because any meter resist- 
ance in the circuit reduces the out- 
put of the couples so that the correct 
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Figure 4—Open circuit potentials between anode and cathode. Zinc-iron couples in carbonate 
soil near Los Angeles, California. 
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value.is not read on the scale. The 
“zero-volt-loss” circuit, which is 
shown in Figure 5, is a modification 
of the circuit used by Mr. I. A. 
Denison and Mr. R. B. Darnielle in 
conducting preliminary laboratory 
tests for the Bureau of Standards. A 
range selector, with four positions 
(see Figure 5), is pro- 
vided in order to make 
it possible to balance the 
circuit quickly when us- 
ing any scale on the mul- 
timeter from 1 milliam- 
pere to 1000 milliam- 
peres. R, and R, provide 
a means of obtaining a 
coarse and a fine resist- 
ance adjustment. When 
using this circuit, the 
current is affected only 
by the resistance of the 
leads between the source 
and the galvanometer, 
and in most cases the 
lead resistance is so low 
as to be negligible. The 
resistance of the leads 
used in these tests was 0.36 ohm. 

Figure 3 shows the potentials of 
the iron rings and zinc cylinders 
with respect to a copper sulfate elec- 
trode after the circuits had been dis- 
connected and left open for approxi- 
mately one-half hour. The potential 
readings were taken with a Leeds 
and Northrup potentiometer, After 
the first inspection, no appreciable 
change in the potential of the anode 
with time was observed. The poten- 
tials of the iron rings range from 
0.35 volt to 0.79 volt. These varia- 
tions are of interest because they 
indicate the unreliability of iron as 
reference electrodes. 

Figure 4 shows the difference of 
potential between the zinc anodes 
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Figure 5—Wiring diagram “zero-volt-loss” milliammeter 


circuit. 


and the iron cathodes after the cir- 
cuits had been disconnected and 
left open for approximately one-half 
hour. These readings were also 
taken with the Leeds and Northrup 
potentiometer. A rather wide varia- 
tion of potentials is noted, being 
approximately 0.4 volt. There seems 
to be a rough correlation between 
these potential differences and the 
wet and dry seasons in this locality. 
It is noticed that, in general, the 
open cireuit voltages are highest 
during the period from May to No- 
vember, which is considered the dry 
season, and, with the exception of 
the two-anode installation, these 
voltages are much lower during the 
period from December through 


TABLE 1 
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April, which is considered the wet 
season. 

After the couples had been buried 
for 546 days, they were removed 
from the soil and the zinc anodes 
and iron cathodes were cleaned and 
weighed. The cathode rings were 
first wire brushed and then cleaned 
by making them cathodes in a 2% 
sulphuric acid solution. A white de- 
posit, varying in thickness from 
0.069 inch to 0.2 inch, was found on 
the base of every anode with the 
exception of the unattached anode. 
This deposit, presumably zinc car- 
bonate, was scraped off for analysis, 
and the entire zinc cylinder was then 
wire brushed. 

Table I shows the results of the 
investigation. Although no attempt 
has been made to analyze the data, 
it is apparent that none of the 
cathodes received adequate protec- 
tion. It is also indicated that the 
coating formed on the anodes, when 
buried in a carbonate soil, reduces 
the current output to such an extent 
that no great advantage is gained 
by providing a large anode area. 
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Control of Pipe-Line Corrosion—A Manual 


By O. C. Mudd 


Chief Corrosion Engineer, Shell Pipe Line Corporation 


ECAY of man’s handiwork pre- 

vails the world over. It is par- 
ticularly rapid in underground engi- 
neering structures where destructive 
forces and elements often work un- 
detected until failure occurs. When 
preventive measures are omitted or 
cease, decay proceeds apace. 

On buried steel pipe lines, decay 
takes the form of corrosion which is 
caused principally by action of soil 
chemicals that combine with the pipe 
metal in the presence of moisture. 
The action is electrochemical, and 
it sets up electrical forces that can 
be detected by electrical instruments 
without excavation of the pipe. The 
analysis of instrument readings 
shows the areas of active corrosion 
and the degree of severity. Similar 
electrical surveys along the routes 
of proposed new lines permit limited 
prediction of the degree of soil ac- 
tion to be expected. 

Corrosion of buried pipe lines can 
be retarded by suitable protective 
measures. Protective paints and 
coatings were tried at first, with but 
mediocre success. After the electro- 
chemical nature of the soil action 
was confirmed, installations aimed 
to neutralize or reverse the destruc- 
tive pipe-to-soil currents gave grati- 
fying results. Present trends in pro- 
tection are to combinations of elec- 
trically-resistant coatings and elec- 
tric counter-current installations. 
The justifiable cost of such protec- 
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tion is now the governing factor in 
corrosion mitigation, a term which 
herein means retardation rather than 
complete prevention. 

An understanding of electrochem- 
ical reactions associated with corro- 
sion is necessary for an intelligent 
approach to the problems of survey 
and protection. 

The reader is to be reminded that 
advancements is continuing in the 
art of corrosion control and_ the 
methods or practices described in 
this report may be subject to revi- 
sion or become obsolete through 
future developments or discovery. 


THEORY OF CORROSION 


Any material exposed to the ele- 
ments will eventually change to the 
state which is most stable under the 
conditions. Most structural metals 
have been converted from an ore, 
and they tend to revert back to that 
state when exposed to the elements. 
The original conversion process 
consumed heat or electrical energy 
which will be liberated when the 
reversion occurs, 

The ferrous materials most com- 
monly used in underground pipe 
lines have been obtained principally 
from iron oxides, which are of essen- 
tially the same chemical form as 
“rust.” The appearance of rust on 
iron structures indicates that the 
metal has been attacked by corro- 
sion and these corrosion products 
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are the result of the reduced metal 
returning to a more stable form. 
Rusting or oxidation may continue 
or be arrested according to the en- 
vironment of the metal. Corrosion 
of metallic surfaces readily occurs 
in the presence of water or aqueous 
moisture at temperatures between 
the freezing and boiling points. 


Electrochemical Cells 


As before stated, corrosion is bas- 
ically an electrochemical action, i.e., 
it involves metals, chemicals and 
electric current which in nature form 
electrolytic or galvanic cells. All 
such cells have four basic compo- 
nents, to wit: (See Figure 1.) 

a.The “electrolyte,” which is 

composed of water and dis- 
solved chemicals. It usually is 
homogeneous in a true aqueous 
solution, but in moist soil it 
may vary locally as to the con- 
‘centration or kind of dissolved 
chemical. An electrolyte will 
conduct electric current. 

. The “Anode” which is a metal 
or substance in contact with the 


Cothode= Current enters 
surface from electrolyte & 
material is not reduced. 


Heovy orrow indicates 
direction of curren? Flow. 
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electrolyte capable of conduct- 
ing electric current. With few 
exceptions the surface is oxi- 
dized or “corroded” by combin- 
ing with chemicals in the elec- 
trolyte. The term “oxidation” 
was originally used to describe 
the reaction in which oxygen 
combined with another element 
but the broader use of the term 
now describes the action where 
an atom loses electrons and be- 
comes a positively charged ion. 

-. The “cathode,” which is a metal 
contacting the electrolyte. Its 
surface is not reduced but re- 
ceives protection against corro- 
sion. 

. The “conductor,” which exter- 
nally connects the anode and 
cathode to complete the circuit 
for current flow. 


The general term for either cath- 
ode or anode is “electrode.” 


Classification of Cells 


:lectrochemical cells fall into 
three general groups, to wit: (See 


Anode - Current leoves surface to 
electrolyte removing moterial from 
Surface ‘cousing corrosion. 


—— - Composed of woter 
ond disolved chemicals. 


Figure 1—Electrochemical Cell. 
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Generoftor 
Source of Power 


Anode- Source of 
Potential from 
corroding mefa/ 


GALVANIC CELL 
(Bi-metallic) 
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Concentrate 
Solution 


Anode 


' ; Porous Cup prevent 
Oilute Solution diffusion of concentrofe 
ond dilute solutions. 


CONCENTRATION CELL 
(Mono- metallic) 


Figure 2—Types of electrochemical cells. 
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Figure 2.) 

|. “Electrolytic” cells, which in- 
clude the above-listed four com- 
ponents plus an external source 
of electric energy connected in 
the conductor between anode 
and cathode to cause current 
flow. This is the type of cell 
used for electrolytic refining of 
metals, It is the type set up for 
electrically protecting pipe lines 
against corrosion when a source 
of externally-generated direct- 
current power is available. 

2. “Galvanic” cells, which have the 
four basic components, with dis- 
similar metallic electrodes in a 
homogeneous electrolyte. The 
common dry battery is typical. 
The metallic anode reverts to a 
more stable form by combining 
with chemicals from the elec- 
trolyte and thereby liberates 
the energy stored in the metal 
to cause electric current flow 
through the electrolyte from 
anode to cathode. Current re- 
turns through the external me- 
tallic circuit from cathode to 
anode. The external metallic cir- 
cuit connection to the anode is 
negative in polarity ; that to the 
cathode is positive. This type 
of cell is established when zinc 
or anodes of similar metals 
are used to protect iron pipes 
against corrosion without an ex- 
ternal source of electric power. 

3.“Concentration” cells are simi- 
lar to galvanic cells except that 
they have anode and cathode of 
the same material in a non- 
homogeneous electrolyte. The 
differences either (1), of chemi- 
cal concentration; or (2), of 
kind of chemicals, in the elec- 
trolyte cause current flow. In 
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case (1) the anode is usually 
established in the concentrated 
portion of the electrolyte. In 
case (2) the anode will be estab- 
lished in the kind of chemical 
that combines most readily with 
the electrode material. 
Conditions may occur also where 
clectrochemical cells are a combina- 
tion of the above types of cells. Both 
galvanic and electrolytic cells may 
be constructed to give variations in 
results at both anode and cathode. 
This report considers only the 
cell conditions associated with pipe- 
line corrosion and its mitigation. 
These include “electrolytic” cells 
wherein current from an external 
source reduces the anode with simul- 
taneous decomposition of water into 
oxygen and hydrogen, the latter be- 
ing deposited on the cathode sur- 
face. Such conditions are prevalent 
in “stray” current electrolysis and 
in counter-current mitigation meth- 
ods. These include also “galvanic” 
and “concentration” cells wherein 
the anode material combines with 
soil chemicals to cause current flow 
which also deposits hydrogen on the 
cathode. The latter conditions pre- 
vail in soil corrosion — whether 
caused by differences of metals (to 
form galvanic cells) or differences 
of chemicals (to form concentration 
cells). 


Galvanic Cells 


“Galvanic” cells have electrodes 
of dissimilar metals or conducting 
materials in a homogeneous elec- 
trolyte. The dissimilarity causes one 
metal to become the anode and the 
other a cathode, thereby forming a 
battery action. Two different speci- 
fied metals in the same electrolyte 
always produce the same potential 
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(electrical pressure) between them. 
The current flow through a com- 
pleted circuit will be in direct pro- 
portion to the potential between the 
two metals and inversely propor- 
tional to the resistance of the cir- 
cuit, This will be constituted of the 
resistance through the increments 
of the metallic circuit, resistance 
through the electrolyte, and may 
often include counter potentials 
which develop at the electrode sur- 
faces to produce effects equivalent 
to resistance. 

The potential relation between 
metals is called the “Electromotive 
Series,” and is listed below: 


Electromotive Series using Gold as reference* 


METAL Potential to Gold 
Gold (auric)... raise’ geal .00 volts 
Platinum caiceint weads oo 
Lead.. ebaaee | .56 
Copper (cupric). .02 

Tin (stannous) .49 
Nickel. .59 
Cadmium .76 

Iron (ferrous) .80 
Chromium 91 

12 

.46 

.06 
—- 


Maganese. . 
Aluminum oe oe 
Magnesium Sonits Bs es < 


AS ND IND et eet et pet pet 


w 


* Compiled from 27th Edition Handbook of Chem- 
isty and Physics. 


The value of gold is chosen ar- 
bitrarily as sero, and the figures 
listed opposite other metals are the 
potentials which would exist be- 
tween gold and those baser metals 
in an electrolytic solution of a salt 
of the metal. In the order of the 
above arrangement, any metal below 
another will oxidize or “corrode” 
when connected to the one above 
and immersed in an electrolyte, i.e., 
zine will corrode if connected to iron 
and placed in an electrolyte. A po- 
tential difference will exist between 
them (of 2.12-1.80) equaling 0.32 
volts. The above table is subject to 
minor variations if different elec- 
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trolytes are used, but it shows what 
generally may be expected when 
galvanic cells are formed. 


Concentration Cells 

“Concentration” cells have elec- 
trodes of the same material in a non- 
homogeneous electrolyte. The in- 
equality of dissolved chemicals 
causes a potential difference which 
establishes the anode usually as the 
electrode in the more concentrated 
part of the solution. Differences of 
kind of chemicals also produce po- 
tentials with the above electrode 
conditions, Reliable data are not 
available either for the magnitude of 
the potentials developed between 
unequal concentrations of the same 
chemical or for the relation of anode 
to differences of concentration and 
kind. 

In both galvanic and concentra- 
tion cells, metallic particles (called 
“ions”) leave the surface of the an- 
ode to combine with chemicals in 
the electrolyte to liberate energy, 
and this energy is manifest in the 
form of electric current which is set 
up through the circuits involved. 
The current, or the effect of its flow, 
can be detected by suitable electrical 
instruments. In all cells the amount 
of metal removed from a corroding 
anode has a fixed relation to current 
flow. One ampere of current flowing 
for one year from a section of steel 
pipe will remove 20.1 pounds of 
ferrous iron, i.e., 20.1 pounds per 
ampere-year for 100 percent anode 
efficiency. 

Polarization In Cells 


When current flows in a cell, de- 
position of hydrogen on the cathode 
surface builds up a resistance to the 
current flow. When that surface is 
completely covered with hydrogen 
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film, which is of high electrical re- 
sistance, the current flow is sub- 
stantially reduced and the cell is 
said to be “polarized”. If—after this 
occurs—the source of energy is dis- 
connected, the hydrogen will disap- 
pear at a rate controlled by action 
or forces in the electrolyte which 
tend to remove or combine with this 
gas deposit. The time required for 
complete removal of this film may 
vary from a few hours to several 
days. When such reamoval is com- 
plete, the cell is said to be “depolar- 
ized”. Polarization in galvanic cells, 
e.g., in dry batteries, can practically 
stop current flow because the poten- 
tial developed at the anode is not 
sufficient to overcome the high re- 
sistance of the hydrogen film. Thus 
polarization of the cathode limits the 
rate of anode reduction. 


Cell Action on Pipe Lines 

Iron (or iron alloys), the material 
of most pipe lines, will combine with 
many chemicals found in nature to 
form oxides, hydroxides, carbonates, 
sulphates, sulphides and chlorides. 
The last four compounds will change 
to oxides upon prolonged exposure 
to air and moisture. 

Pipe lines laid underground are 
of necessity usually placed in soils 
having sufficient moisture to form 
electrolytes which allow current flow 
to and from the pipe. Such moist 
soil, conditions are favorable for the 
reversion of iron to its more stable 
compounds. The rate of this rever- 
sion depends upon: (a), the amount 
of moisture present; (b), the amount 
of dissolved chemicals that will 
combine with iron; and (c), inequal- 
ities of potential along the pipe line 
caused by varying dispersions of 
items (a) and (b) plus other condi- 
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tions such as inequalities of poten- 
ital caused by pipe surface condi- 
tions, inequalities of potential im- 
posed by external direct-current 
generating sources in the vicinity, 
and the area of cathodic pipe surface 
with its associated polarization ef- 
fect. 

Cathodic pipe areas generally ex- 
ceed anodic areas in extent along 
pipe lines. This is due to the effect 
of polarization which occurs as the 
current flows from the anodic sec- 
tion to deposit hydrogen on the 
adjacent,cathode surfaces. The com- 
plete polarization of any section di- 
verts current flow to more distance 
adjoining surfaces. The polarized 
cathode surface is thus extended un- 
til equilibrium is reached between 
the forces causing depolarization, 
resistance to current flow, and po- 
tential developed at the anode. 

Cathodic areas maintained under 
partial or complete polarization ac- 
count for the well-preserved condi- 
tion of pipe surface usually found 
around a large pit-hole or adjacent 
to a severely corroded section, and 
account also for the relatively large 
amount of good pipe generally found 
in lines that have suffered numer- 
ous leaks. 


TYPES OF CORROSION 

Corrosion on buried pipe is of 

three general types, to wit: 
1. Electrolytic corrosion, or “elec- 
trolysis,” caused by external 
sources of direct current genera- 
tion. 
.Galvanic corrosion, caused by 
combination of the pipe metal 
with dissolved chemicals in the 
soil, and 

3iochemical corrosion § results 
from microbiological organisms. 
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Figure 3. 


(Where curren 
leaves track 
to so//) 


The predominant types encoun- 
tered in soil and water corrosion 
are sulphate-reducing bacteria. 


Electrolytic Corrosion 
(or “electrolysis’”’) 

Electrolysis by externally-gener- 
ated direct currents, termed “stray 
currents,” is analogous to action in 
an electrolytic cell. A typical illus- 
tration of the analogy is shown in 
Figure 3. Here an insulated current- 
path is provided from the generator 
to the point of use by a trolley-wire 
which does not contact the soil. The 
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principal return path to the point of 
current origin is the metallic track 
which is given good electrical con- 
tinuity by welding or riveting suit- 
able metallic conductors across the 
rail joints ; however, secondary paths 
also exist. The wooden cross ties, 
which are the only insulation be- 
tween rails and soil, absorb appre- 
ciable amount of moisture that make 
them somewhat conductive. The 
soil also is conductive to a degree 
and thus carries part of the return 
current. The current flow through 
the parallel paths of rail and soil 
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will be in an inverse ratio to the re- 
sistance of the respective paths. 

If a pipe line lies near an electric 
railway track served by a generat- 
ing station, and particularly if the 
two are parallel, the pipe provides 
another path of low resistance for 
part of the return current to travel. 
The areas of pipe where:the current 
enters from the soil will be protected 
against corrosion by polarization, 
but those areas where the current 


Figure 4—Iron-Zinc 
Galvanic Cell. 
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leaves the pipe to re-enter the soil 
will suffer a reduction of pipe metal 
known as electrolysis. If a metallic 
“bond” of adequate current-carrying 
capacity is installed between the 
pipe and the negative side of the 
generator, it will reduce or even stop 
this corrosion. 

Stray currents may be encoun- 
tered in any area where direct-cur- 
rent generating units are operated 
and one or both terminals of such 


Zinc ~ Anode 


Li lectrolyte 


oe Galvanized 
Pipe 
Zine ~Anode 
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200 


equipment are accidentally or pur- 
posely grounded. Stray current may 
originate even from pipe line cath- 
odic protection units, and therefore 
steps must be taken to prevent the 
damage of any adjacent structures 
foreign to those protected. Grounded 
alternating-current circuits, because 
of the recurring high-frequency re- 
versal of current flow, cause little 
or no damage by electrolysis. 


Galvanic Corrosion 
Galvanic corrosion (associated 
with both “galvanic” and “concen- 


lron 
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tration” cells) is the greatest enemy 
of pipe lines. Galvanic cells, created 
by different metals in a homogene- 
ous electrolyte, account for only a 
small portion of the total metal loss 
on underground pipe lines across 
country because such cells are usual- 
ly found only at stations, in gather- 
ing and distribution systems where 
a composite of metals is installed. 
Here the pipes, fittings and equip- 
ment may be variously mild steel, 
galvanized iron, cast-iron, cast-steel, 
alloy-steel, brass, and copper. Such 
combinations set up a multiplicity 
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Figure 5—Concentration Cell. 
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of galvanic cells. Cast-iron, high- 
chrome steel and copper usually be- 
come cathodes, with mild steel pipe 
as anodes. Galvanized pipe will be 
anodic to mild steel until the zinc 
coating is consumed. (See Figure 4.) 
Galvanic corrosion occurs in some 
metals or alloys without apparent 
change of the metal surface, never- 
theless, part of the metal or an in- 
gredient of the alloy—when removed 
by electrolytic action—leaves a 
structure with its original shape 
but reduced in strength. In brass 
this phenomenon is known as “de- 
zincification,” in cast-iron it is called 
“oraphitization.” 

Concentration cells account for 
most galvanic corrosion along pipe 
lines. These may be set up by varia- 
tions in quantity of oxygen permeat- 
ing through soil to the pipe, or by 
different concentrations of the same 
chemical, difference of kind of chem- 
icals, et cetera, (See Figure 5.) Near 
industrial plants and municipalities, 
the natural conditions of chemical 
distribution may be augmented by 
spent chemical and refuse disposal. 
In rural districts it may be affected 
by the spreading of fertilizers over 
the soil. 


Biochemical Corrosion 


Biochemical corrosion results from 
chemicals produced by bacteria in 
the soil. Sulphate-reducing bacteria 
are the only types known at present 
which cause extensive corrosion in 
soil and water. These bacteria ap- 
parently exist in most soil and water 
but do not cause corrosion until the 
environment is favorable to their 
further development. Sulphates are 
one of the essentials for favorable 
environment and those in the soil 
are predominately under anaerobic 
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condition (no oxygen), however 
species have been found in water 
which thrive under aerobic or anae- 
robic conditions. The exact nature 
of the chemical reactions is not 
known, however the bacteria in their 
life process cause liberation of hy- 
drogensulphide which combines 
readily with iron. The resultant cor- 
rosion is “galvanic” in character 
but is not accompanied by electrical 
indications comparable to those from 
other types of galvanic corrosion. 

Methods of locating this type of 
corrosion with electrical instruments 
from the soil surface need develop- 
ment although the mitigation of 
such corrosion presents no special 
problem. 


METHODS OF CORROSION 
INVESTIGATION 
Original Surveys Made on a 
Pipe-Line System 


Methods of investigating corro- 
sion on an oil pipe line system 
have continued to develop since the 
initial survey over the trunk lines 
during 1933 and 1934. This survey 


extended over 2200 miles of line. 
More than 1800 inspection sites were 
excavated to gather information re- 
garding soil conditions, coating 
types and conditions, maximum 
depth of corroded pit-holes, soil re- 
sistivities and line-current flows. 
Correlated data from this survey re- 
vealed that approximately 80 per 
cent of the previous leaks on the 
system were in sections indicated by 
electrical measurements as suffering 
corrosion, In later surveys, where 
spacing of inspection sites was re- 
duced, this percentage was raised to 
near 100. 

This extensive survey demons- 
trated the practicability and advan- 
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Figure 6—Some of the instruments and equipment used in corrosion mitigation work. 1, Pipe 

locating bars. 2, Shepard cane earth resistivity meter. 3, Millivolt recorder, 4, Multi-range 

potentiometer. 5, Resistance bridge. 6, Electrolysis volt-ammeter. 7, Test leads, 8, Pipe 
contact bars (with extra points). 9, Pipe contact bar extension rods. 


tages of electrical measurements 
over other methods of corrosion in- 
vestigation then normally practiced. 
Through study of test data taken in 
the field, a better understanding of 
the electrochemical action associated 
with corrosion was acquired, and the 
resolution of corrosion areas into the 
component parts of electroyltic cells 
(illustrated in Figures 1 to 5) re- 
sulted in the evolution of better 
methods and practice. 


Electrical Instruments Required 


Fundamental measurements for 
study of pipe-line corrosion cells in- 
clude those of current flow, potential 
difference or “gradient,” and soil re- 
sistance. Electrical instruments are 
necessary for this work. Such instru- 
ments should be accurate and de- 
pendable, constructed to withstand 
hard field usage, and of the least 


possible weight. 


Instruments are required for the 
following basic measurements: 

1. Potential indications between a 
fraction of a millivolt and 100 
volts. 

. Potential recordings over the 
same range. 

.Current indications between a 
fraction of an ampere and 100 
amperes or above. 

4. Current recordings over the same 
range. 

>. Soil resistivity measurements 
from a few ohms per cubic centi- 
meter up to 10,000 or over. 

The instruments found most de- 
pendable are listed below and shown 
in Figure 6. They are: 

1. Electrolysis Volt-Ammeter 

(D’Arsonval Type) Calibrated 
NOTE: Measurements of currents, whether in- 
dicated or recorded, can be made with milli- 


voltmeters and suitable shunts or calibra- 
tion of pipes through which current flows. 





December, 1945 CONTROL OF PIPE-LINE CORROSION 


for full scale reading of: 








Volts 


0.005—0— 
50.0—0—100.0 
Sensitivity 300 
ohms per volt 








Wooden Piug 


2.Multirange Potentiometer 
Sokelite Tube 


(Slide-Wire Type including 
Standard Cell.) Calibrated for 
full scale readings of: 


Copper Tube 


Copper Plug 
Rubber Gasket 








O— 65 Millivolts.. Bokelite Plug 


0— 100 Millivolts. . . 
100—1000 Millivolts. . . 


20-ohm Galvanometer 








With booster circuit to add three 
volts by one-volt steps. 





3. Millivolt Recorder (Vibrating 
Pen Type) with variable chart 
drive speeds, preferably one- 


hour and 24-hour drives for cir- Figure 7—Saturated copper-sulphate “half 


cular charts. Calibrated for full cell” electrode. 


scale recordings of: vas b 
6. Supplementary equipment, com- 


prising: 
2 (or more) half-cell elec- 
trodes (copper sulphate) used 
in making contact with soil 
for potential measurements. 
» (See Figure 7.) 
2 pipe locating bars. (See 
Figure 8.) 
4 pipe contacting bars. (See 
Figure 9.) 
pipe connection clamps. 





Millivolts 


ohms per volt 








4. Earth Resistivity Meter (Shep- 
ard-cane type) with 30-inch 
rods calibrated to read full 
scale of 100—500 and 400—10,- 


000 ohms per cubic centimeter. 


.Earth Resistivity “megger” 
(Magneto Type) with full scale 
0—3 and multiplier circuits of 
1, 10, 100 and 1000. This instru- 
ment is a four-electrode type 
which permits average soil re- 
sistivity determinations at vary- 
ing depths by electrode spacing 
at the soil surface. 


(See Figure 10.) 

2 test leads, 115 feet long. 
test leads, 25 feet long. 
(The above test leads to 
be No. 10 or 12 B& S 
gauge single-conductor, 
133. strands, with port- 
able cord insulation and 
suitable terminals at each 
end. (See Figure 12.) 
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Pipe Locating Bar 
Molerial - Octagonal Too! Steel - Ve. 
(Corpenfer's Solar) 
Length of Stee/ in handle fot 'B- 14%" 
Dimension "A" Size No.1 -48" Size No. 2-54" 
peas A ee oo 





So Swell tobe forged 


onredend. 


Point fobeheat treated 
te cold chise/ temper. 
Remainder of bar to be 
Connection bloch-mild steel /eft annealed. 


Wing Bolt: 
Not fo Scale 





Solder or braze 


Wing Nut i 


” 
- he of russ run eon Brass screw. 


surface of steeland 
finished flat 


Figure 8—Pipe 
locating bar. 
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CHAIN PAD FOR COATED PIPE 
a 

CONNECTION CLAMP SADOLIE “og vabaean laa 
hning or rubber belting, 
opprox. 26° long for 
ape. Roll up ends on 
smaller pipe Aligni 
lugs to engage In chain 
links. 


Fasten lugs on pod & 
with 8-32 countersunk 
heed screws 





eta! lugs, Uy" wide. i 
a Ke" tong x thick, ” 
a << $$$ —_—— 
54, fe z 4-32 6% —— 
Ze screws 
USS. Hex 


4 
| See soak motte CONNECTION CLAMP SET SCREW 


Jy' x Sor 4°u 33 «a Bie 
cop screw 4 


TE y= 


‘ gow Orill ¥ “hole & vse 

‘grind te €O"point Cea rod for hondhe. 
NOTE’ Use &° SAE. stud for connection terminal 

‘een Z Metal No.5S LAYOUT BEFORE BENDING & WELDING when clamp is used by mainfenance crew to bond 

Conveyor chain, pitch 1.63" around pipe seporetion._ 


Co of Mil * 
Cetay oe be 2 44 —____-»| 


ep 


seckhoabo 








Figure 10— Electrical con- 
2 eet a Br : : nection clamp for pipe lines. 
1%, re 4 > — | 72 2h V4 rhe 1 Ye rhe | 
‘6 
Cut from 2°41" 2 J" channel stee! 
CORPECTEO— 





Various short test-leads than those shown in Figure 6. These 
with terminals as re- are not more accurate, but they 
quired. : have been made lighter without sac- 
1 Resistance Bridge jifice of dependability. 
(Wheatstone Bridge.) . 
This instrument is use- Electrical Measurement 

ful in checking test-leads 
and locating faults in me- 
tallic circuits. 

The above list may be altered to 
suit requirements. Potentiometers ured in the conductor between anode 
and Earth Resistivity Meggers are and cathode. However, where a pipe 
now available that are more modern _ line serves as the conductor between 


To determine the rate of metal 
loss from the anode in a simple 
cell, the current flow can be meas- 


OLATS Test lecds ORI aint Meter = Q25A. 
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Figure 11—TIllustration of line current determinations to locate anodic sections of pipe. 

Line current determined by measuring potential drop at consecutive locations between contact 

points with identical spacing for each measurement. Current magnitude calculated from 

known pipe resistance and measured potential drop. Polarity of connections at the meter 

determines direction of current flow. Current loss by convergence or reduction of amount in 
one direction indicates anodic section. 
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Terminal Connector Sleeve. 
Material - Texteolite. 
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Zerminal Stua' Nut- 
Moaterial- Brass. 





Dimension 8 


2- Conductor cable 
I~ Conducler cable 


Binding Fost Jermine/ 
Molerial- (8-8 Chrome -Nichel Steel. 
Material - Brass. 

| 


= 
N 
Pad 


Orill and Jap 
8-32 Thread. 


,., 

% 
€-32Threod 
b Hole 


RiveTond broxe. 


/- Terminal Connector Sleeve, 
/- Terminal Connector Body, 
/- Binding Post Terminal. 


its anodic and cathodic sections, one 
cannot disconnect the pipe between 
these sections to insert an ammeter 
in the circuit. The most practical 
alternative is to measure the poten- 
tial drop along selected sections of 
the pipe, and to use these voltage 
readings to calculate the current 
flow; however, the electrical resist- 
ance of the pipe must be known. 
This resistance may be obtained 
from tables, or it may be calculated 
from known weight of metal per unit 
length. Also, it may be determined 
in a detached piece of the pipe by 
establishing a known current and 
measuring the resultant potential 
drop. 

Measurements of potential drop 
and direction of flow at suitable in- 
tervals along the pipe line indicate 
the magnitude of average current 
flow in the intervals, and from such 


Note; One coble Zerminal requires; 


Orilland Tap 
10-32 Thread. 


x Recess 
Ne 
"At" 


Terminal Connector Body. 


‘Terminal Stad Lock Nut 
Material - te” Hex Brass. 
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Use /0-32X 2" Round Head Brass 
Serews for Terminal Stud. 


Figure 12—Con- 

nector and termi- 

nal for cable leads 
and clamps. 


consecutive measurements the sec- 
tions of current gain (cathodes) and 
current loss (anodes) can be ap- 
proximately located. 

Potentials measured between pipe 
and soil, or potential gradients meas- 
ured between adjacent contact points 
on the surface of the soil over the 
pipe, also will indicate anodic and 
cathodic sections. Soils always have 
much higher resistances than pipe 
metal, consequently current flows 
cause much greater potential drops in 
the soil that are easier to detect. Also, 
the direction of the current flow in the 
soil is indicated by such measurements ; 
however, its magnitude can be only 
approximated after resistance of the 
soil in the vicinity has been deter- 
mined. 

Soil resistance is measured as “re- 
sistivity,” i.e., the resistance between 
two faces of a unit (cubic centimeter) 
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soil cube. Knowledge of soil resistances 
is important because they indicate 
the relative amount of dissolved chem- 
icals and serve as an index of. the 
amount of current that may flow with 
a given potential. Their measurement, 
however, does not tell what kinds of 
chemicals are present. Wherever the 
latter information is desired, it must 
be obtained by chemical analysis. 

Consideration at one time was 
given to the development of equip- 
ment to detect and measure pipe- 
line currents—without contacting 
the pipe—through measuring the 
variations in magnetic fields set up 
by the currents; however, this tech- 
nique was abandoned because the 
resultant data could under many cir- 
cumstances lead to erroneous de- 
ductions. 

Along existing pipe lines corrosion 
surveys are based on the determina- 
tion of line currents and/or surface 
potentials, usually the latter. The 
amount of data to be obtained dur- 
ing such a survey will depend upon 
how much time and labor is justified 
by circumstances. Interpretation of 
data is qualified by geographical lo- 
cations, moisture content of the soil, 
chemical content of the soil and 
other factors that affect the indi- 
cated results and can best be inter- 
preted by skilled corrosion engineers 
through comparison with past ex- 
perience. ; 

Along proposed pipe line routes, 
surveys to determine the probable 
corrosive areas are most practically 
made by means of soil resistivity 
measurements. Other methods have 
been used but, based on time re- 
quired and value of information to 
be obtained, soil resistivity measure- 
ments are preferable in that the vari- 
ations indicate potential concentra- 
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tion cells. However, valuable in- 
formation may be obtained through 
visual inspection by a corrosion en- 
gineer who is familiar with corro- 
sion experience in the locality, 


Line-Current Method of Survey 

Line-current determinations are 
confined to existing lines or struc- 
tures, and this method of survey, 
which is equivalent to measuring the 
current flowing in the metallic cir- 
cuit of a galvanic cell, requires spe- 
cial methods to locate sections of 
current gain (cathodes) and current 
loss (anodes). The latter are those 
where corrosion is active. (See Fig- 
ure 11.) 

The applicable technique involves 
four steps: (1), measure off a de- 
sired length of pipe line on the 
ground surface; (2), locate the pipe 
at each end of this measured section 
with “locating bars,” (see Figure 8) ; 
(3), establish contact to the pipe 
with “contacting bars,” (see Figure 
9); and (4), measure the potential 
drop between these contact points. 
The voltmeter indicates the direc- 
tion of flow ; but the average amount 
of current flow in the measured sec- 
tion must be calculated, or can be 
obtained from prepared tables simi- 
lar to those included as Figures 13 
and 14. Successive measurements 
will show current loss (anodic) o1 
current gain (cathodic) sections 
The customary distance between 
successive measurements in open 
country is 1200 to 1500 feet, but this 
may be altered to suit conditions. 

In each measurement the poten- 
tial drop between the contact points, 
usually inserted one hundred feet 
apart is normally only a fraction of 
a millivolt; thus it is essential that 
readings be made carefully if the 
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Figure 13—Millivolt- 
Ampere Curves. 
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existing anodic and cathodic sec- 
tions are to be found. Isolating of 
anodic sections by  line-current 
measurements is difficult because 
the measurable effects are relatively 
small and such sections are irregular 
in their distribution and extent. For 
example, three definite anodic sec- 
tions have been located within 100 
feet on a ten-inch line, while other 
individual sections have been found 
that are several hundred feet in 
length. 

Where lines are conducting fluctuat- 
ing “stray” currents, the detection of 


4 s 


current-loss and current-gain sections 
requires simultaneous operation of two 
or more millivolt recorders to register 
potential drop at successive locations. 
The record must show clear definition 
of the simultaneous current variations 
to permit interpretation at these suc- 
cessive locations. 

Where measurements are being ob- 
tained for current or potential orig- 
inating from soil chemical action, a 
millivolt recorder should be connected 
through pipe connection-clamps on a 
section of line in the vicinty to record 
potential drops. Currents and _ poten- 
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Figure 14—Miillivolt- 
Ampere Curves. 
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tials of soil chemical origin have little 
or no variation, but magnetic storms 
and “stray” direct currents may in- 
duce fluctuations that will nullify in- 
stantaneous observations made with 
an indicating meter. (See Figure 15.) 


Soil Surface-Potential Method of 
Survey 

Distribution of potential drop over 
the surface of a galvanic cell can be 
determined by potential measure- 
ments made from either electrode 
to various points on the electrolyte 
surface. This is done by contacting 
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one side of a voltmeter to the elec- 
trolyte surface through a “half-cell” 
electrode and connecting the other 
side metallically to the selected elec- 
trode. (See Figure 16.) If two suc- 
cessive such measurements are 
made, the first with the half-cell 
contact near the anode and the sec- 
ond with it near the cathode, the 
difference between the indicated po- 
tentials will be the measure of the 
potential drop between the two con- 
tact points. The direction of indi- 
cated current flow will be from 
anode to cathode through the elec- 
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TYPICAL RECORD OF CURRENT 
INDUCTED ON PIPE LINES 8Y 
MAGNETIC STORMS. 
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RECORD OF GALVANIC 


CURRENT ON PIPE LINE. 


RECORO OF STRAY CURRENT ON PIPE LINE 
ORIGINATING FROM UNDERGROUND COAL MINE 


OPERATIONS. 


Note the time Phat operations stort, junch time ond 
quitting time. 


Figure 15. 
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Figure 16—Illustration of Battery Action (Galvanic Cell). 


trolyte, i.e., the contact point near 
the anode will have a positive polar- 
ity with respect to the one near the 
cathode. 

Most of the potential drop in a 
galvanic cell circuit will be through 
the electrolyte where its resistance 
usually is high compared to that of 
the external metallic connection. 
Similarly, because the resistances of 
moist soils in which pipe lines are 


immersed are extremely high in 
comparison to that of the pipe metal. 
most of the potential drop occurs 
through the soil. 

Pipe-to-soil potentials originating 
from electrochemical action along 
the line (as differentiated from those 
caused by “stray” currents) will 
show variations up to 400 millivolts 
between anodic and cathodic sec- 
tions. The pipe is negative to the 
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soil in corroding anodic sections and 
positive to it in adjacent cathodic 
sections. Pipe-to-soil potential meas- 
urements at frequent intervals will 
identify the corroding sections. This 
procedure requires location and con- 
tact of the pipe for each observa- 
tion. 

As before stated, the potential 
drop between two points on the sur- 
face of an electrolyte is equal to the 
difference of potentials measured 
successively between the two points 
and an adjacent metallic electrode. 
The application of such measure- 
ments for corrosion survey of a pipe 
line is illustrated in Figure 17. By 
measuring potentials and noting the 
polarity between contacts on the soil 
surface directly above the line, one 
can calculate the pipe-to-soil-poten- 
tial under one contact point with 
reference to that under the points 
on either side. The method is illus- 
trated in Figure 18. 

Pipe-to-soil potentials from soil 


Pipe To Soil Potential ~_ 


Millivol# Meter 


"Half Cell" 
Non- Polarizing 


Contoct Electrodes 
A. 


Pipe Line 
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chemical action, when measured 
with use of a copper-sulphate half- 
cell electrode, seldom exceed 0.40 to 
0.60 volts, and such higher poten- 
tials occur only along anodic sec- 
tions. Since these anodic sections of 
pipe are usually of relatively short 
length, the current flow from each 
section is correspondingly confined 
to small cross sections of soil ; there- 
fore, the potential gradients in the 
soil near anodes are steep. The crest 
of an anodic section can be found 
by setting one electrode away from 
the line and moving the other from 
place to place on the surface above 
the line until the point of highest 
positive reading is found. 

When “cathodic” protection with 
rectifier or a direct-current gene- 
rator is applied to a pipe line, the 
current source (the rectifier or gene- 
rator) is external to the line and 
soil. Under such conditions a nega- 
tive pipe-to-soil potential indicates 
the degree of protection obtained. 
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Figure 17—Sketch showing battery action on buried pipe, and method of determining 
pipe-to-soil potentials and surface potentials. 
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Figure 18—Sketch illustrating method of tak- 
ing surface potential reading over pipe line. 


However, in making interpretations 
from readings with a copper-sul- 
phate half-cell electrode, it must be 
remembered that potentials below 
0.60 volts may be caused by gal- 
vanic action as well as by the im- 
posed current flow, or they can be 
the resultant of both. 
Surface-potential measurements 
can be made with more accuracy 
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and in less time than line-current or 
pipe-to-soil potential measurements. 
Surface-potential values are of great- 
er magnitude than those taken for 
line current, and thus likely errors 
are minimized. Surface measure- 
ments at consecutive 100-foot inter- 
vals can be made over several miles 
of line in the same time required for 
line current measurements to be 
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Figure 19. 
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taken at 1000 to 1500-foot intervals. 
The shorter interval readings give 
much more detailed information. 


Soil Resistivity Measurements 


Resistivity measurements of soil are 
based on its resistance to electric cur- 
rent flow. The resistivity generally is 
in inverse proportion to the amount of 
dissolved chemicals, i.e., resistivity 
is lowered by increase of dissolved 
chemicals. Corrosion of pipe lines 
can be expected in lower resistivity 
soils because they have more chem- 
icals available to combine with the 
iron. 

Soil resistivity measurements tak- 
en just below pipe depth are most 
accurate because the pipe-to-soil 
contact is most intimate along the 
bottom of the trench where excava- 
tion has not disturbed the natural 
formations. Frequent measurements 
must be made, both along existing 
lines and along proposed routes, to 
detect the radical changes of chemi- 
cal concentration which often occur 
within a few feet in impervious 
clays. These variations in chemical 
content form “concentration cells” 
when interconnected by pipe lines. 

The use of the Shepard-cane 
Earth-Resistivity Meter is practical 
in open trenches or in excavations 
where contact can be made with soil 
at the desired depth. The “four-elec- 
trode” method with Earth Resistiv- 
ity “megger” is applicable where 
soil resistivities are to be obtained 
at various depths without excava- 
tion. This method indicates the aver- 
age of resistivity from the surface to 
a depth equal to the distance apart the 
electrodes are spaced—usually 4, 8, 16, 
and 32 feet in practice. (See Figure 
19.) Varying the spacing will give a 
better approximation of resistivity 
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for successive substrate. These 
measurements can be made also 
with a small direct-current gene- 
rator or battery and a potentiometer 
or vacuum-tube voltmeter. (See Fig- 
ure 20.) 


Radio-frequency absorption can be } 


used to measure low-resistivity soils, 
i.e., soils of 1000 ohms per cubic 
centimeter or less; however, the 
method is subject to further develop- 
men for dependable results. 


Chemical Analysis of Soils 


Chemical analysis of soils along 
pipe lines is of little value because 
the samples usually are taken at 
such intervals that intervening con- 
ditions may vary to extremes. The 
cost of collecting and analyzing soil 
samples taken every few feet is pro- 
hibitive. Also, there is a much closer 
correlation between corrosion and 
soil resistivity than between corro- 
sion and soil analysis, and the former 
can be determined much more quick- 
ly and economically. 


Hydrogen Ion Concentration 


Extensive efforts have been made 
to establish a definite relation be- 
tween corrosion and the “hydrogen 
ion concentration” (,H) of soil, but 
none has been found. Also, the pH of 
soil varies with seasonal changes in 
many locations. 


Biochemical Corrosion 


Soils rich in sulphates are favor- 
able for environment under which 
sulphate-reducing bacteria develop 
until the quantity of hydrogen sul- 
phide liberated by them causes oxi- 
dation of pipe metal to iron sulphide. 
A quite dependable field test for the 
presence of these bacteria can be 
made on corrosion products scraped 
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from the pipe. The method is to 
place a piece of the corrosion prod- 
uct in a small bottle, add a few drops 
of dilute hydrochloric acid, and then 
expose a piece of lead-acetate paper 
to the generated fumes. If hydrogen 
sulphide is liberated in the fumes, 
the paper turns black and gives good 
evidence that sulphate-reducing bac- 
teria are present. The ,H value under 
which sulphate-reducing bacteria de- 
velop is between 6.5 and 8.6. Labora- 
tory technique is required for posi- 
tive determinations. 


Some Survey Errors and Ways of 
Eliminating Them 

Some of the most frequent causes 
of errors encountered in corrosion 
surveys, as well as methods of elim- 
inating them, are discussed in the 
following paragraphs. 

Poor contact with pipe metal 
causes serious errors in meter read- 
ing. Some of the factors are: 

1,Dull contact bar points may 

cause foreign material (such as 
corrosion products) to become 
impacted between the point and 


1,!,! 

tots 

Py 
' 


CONTROL OF PIPE-LINE CORROSION 


215 


pipe metal. These foreign par- 
ticles in the presence of mois- 
ture set up galvanic cells that 
may develop potentials of 
greater magnitude than those to 
be measured. The higher such 
potentials are easily detected, 
but those of less degree may 
pass unnoticed and give read- 
ings that result in errors of in- 
terpretation. 


. Inequality of temperature be- 


tween contact bars and pipe 
metal develops thermo-couple 
potentials. Such potentials are 
usually only a fraction of a 
millivolt, but they are sufficient 
to introduce serious error in line- 
current measurements. Thermo- 
couple effect disappears when 
the temperatures of the pipe and 
contact bar equalize. 


3. Movements of the contact bars 


during measurements develop 
potentials from metal strain 
(termed “Piezo electricity’’) 
that cause fluctuations and er- 
rors in meter readings. 


The above errors may be reduced 
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Figure 21. 


or eliminated by observing the fol- 
lowing precautions: 

1. Keep contact bar points sharp. 
When light reflections can be 
detected from a flat spot or 
“facet” on the contact bar point, 








(Side Bend) 


the point should be resharpened. 


2. Place or keep contact bars out 


of direct sun rays when not in 
use. The points may be brought 
approximately to pipe tempera- 
ture by making extra holes in 
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the soil with the “pipe-locating” 
bar and then inserting the contact 
bars in these holes while locating 
the pipe. Making unnecessary 
holes in soil with the contact bars 
quickly destroys their points. 
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3. Movement of contact bars can 
be stopped by training the per- 
sonnel how to hold the bar and 
make the contact properly. Con- 
tacts are best when made verti- 
cal to the pipe surface through 
a hole down to the surface free 
of loose particles. This allows 
free insertion of the bar. Con- 
tacts and meter readings should 
be repeated at each location until 
three consecutive readings are 
identical. 

Soil surface contacts with copper- 

sulphate half-cell electrodes give best 
results when the soil is moist. It is 


best, therefore, to remove any dry top 
soil until moist soil is exposed. Con- 
tacting the moist soil lowers the resist- 
ance in the meter circuit, which is 
equivalent to increasing the sensitivity 
of the instrument. Also, the contacts 
must be made directly above the pipe 


to avoid errors which originate from 
steep potential gradients in anodic 
sections disposed at right angles to 
the pipe line. 

Any two copper-sulphate half-cell 
electrodes usually have a slight dif- 
ference of potential, or this condition 
may develop during use, but this 
source of error can be compensated 
by alternating the electrodes in suc- 
cessive measurements. 

Magnetic storms introduce errors 
in line-current and soil surface-po- 
tential indications in proportion to 
the storm-induced currents. These 
induced currents fluctuate and may 
even reverse in direction of flow. 
Surveys must be suspended during 
these disturbances, which may con- 
tinue from a few hours to several 
days. The réturn of normal condi- 
tions can be determined from a milli- 
volt recorder connected to the line 
for this purpose. 
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Recording the Survey Data 


Graphic plotting of survey data 
is most useful because the relative 
conditions found by measurements 
and observations along a pipe line 
are thus better presented for inter- 
pretation and comparison. (See Fig- 
ure 21, which shows the plotting of 
data taken at 100-foot stations over 
a period of several years.) 

Maximum and minimum soil re- 
sistivities observed in each interval 
should be plotted to show soil varia- 
tions in the increments. The succes- 
sive interval data (see the lower two 
curves) will show the general soil 
variations along the pipe line. 

Line-currents can be plotted in 
terms of current value. However, if 
the type of pipe (and therefore its 
resistance) along the line is uniform, 
plotting of the direct readings of 
millivolt potential drops for each in- 
terval will serve equally as well be- 
cause the gains or losses of current 
are directly proportional to the ob- 
served potential drops. 


Surface-potentials are plotted as 
converted pipe-to-soil potentials so 
as to show any abrupt changes be- 
tween consecutive 100-foot stations. 
Two different scales are desirable 
for plotting pipe-to-soil potentials, 
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one for measurements made with 
normal line conditions and the other 
for measurements after cathodic pro- 
tection is applied. 

Leaks should be recorded with ref- 
erence to survey stations and if 
these leaks are segregated by years 
of occurrence, the resulting picture 
will assist in the interpretation of 
data from other sections where leaks 
have not occurred. 

The measurement of the depth of 
the deepest pit or hole in each 100- 
foot section of previously surveyed 
lines which have been later raised 
for reconditioning will assist in the 
interpretation of data taken along 
unraised sections in the vicinity. 

Plotting of other information per- 
tinent to corrosion and to mainte- 
nance resulting from corrosion— 
such as coating, recoating and pipe 
replacement—will help in complet- 
ing corrosion records. 

Provisions should be made where- 
by all data taken at different times 
in the field will be properly reported 
as to location; otherwise the graphic 
record will not serve the purpose for 
which it is designed. This requires 
reference each time to the original 
line alignment surveys. Sometimes 
reference to telephone-post numbers 
will serve this purpose. 


Editorial note: The foregoing is Part I of a Manual. The concluding portion of 


this manual will appear in the March, 1946, Corrosion. 





Corrosion Protection by Phosphatization— 
A Review 


By Michael A. Streicher 


L. C. Smith College of Applied Science, Syracuse University 


NE OF THE METHODS used 

to inhibit the deterioration of 
metals is to convert the surface of 
the metal into a chemical compound 
of very low solubility in the en- 
vironment to which it is to be ex- 
posed. This method may be consid- 
ered a scientific imitation of similar, 
naturally occurring, processes, for 
example, the formation of an oxide 
film on aluminum. Oxide and phos- 
phate coatings are examples of this 
imitation. Phosphate coats consist 
of gray, microscopic crystals of sec- 
ondary and tertiary phosphates of 
various metals. The hardness, elas- 
ticity, tensile strength, and magnetic 
properties of the phosphatized ma- 
terial remain unchanged, but the 
coat of crystals acts as a porous 
blanket when oil, paint, or shellac is 
applied. The phosphate coat, when 
used alone, gives some protection 
against corrosion. However, the 
main protective value of the phos- 
phate coat appears when it is used 
as a base for paint or similar sub- 
stances. 

Objects composed primarily of 
iron and steel are phosphatized by 
exposing them to a_near-boiling 
phosphate solution for several min- 
utes. The process is used widely in 
the automobile, typewriter, refriger- 
ator, and similar industries. Follow- 
ing a description of the chemistry 
of phosphate rust-protection and its 


application an attempt is made to 
correlate the phosphatization proc- 
ess with another topochemical phe- 
nomenon, corrosion. 


Chemistry of Phosphatization 


Most phosphatization solutions 
contain one or more primary metal 
phosphates, free phosphoric acid, 
and an accelerator. These chemicals 
are dissolved in water to make a 
solution having a concentration of 
about two percent. The metal phos- 
phates most commonly used are 
those of iron, manganese, and zinc. 
These chemicals, whose manufac- 
ture has been described in several 
patents (1), may be added to the 
solution in the form of a liquid syrup 
or a crystalline powder. In order to 
obtain a rust-inhibiting phosphate 
coat a homogeneous layer of sec- 
ondary and tertiary phosphates, in- 
timately bound to the surface, must 
be produced. 

When iron or steel objects are 
immersed in a phosphatizing solu- 
tion containing a primary, soluble, 
metal phosphate (M), some primary 
ferrous phosphate is formed by the 
reaction of iron with the free phos- 
phoric acid in the phosphatizing so- 
lution. The primary salts subse- 
quently react to form insoluble sec- 
ondary and tertiary phosphates by 
one or both of the following types 
of reactions: (2,3) 
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(a) E. M(H:2POs,)2 — MHPO, te H:PO, 


Il. AMHPO,=— M;(PO,)2 + H3sPO, 
(b) I. 


Fe + M(H:PQ,)2 — FeHPO, + 
MHPO.-+ H: 


II. 2FeHPO, + Fe > Fe:(PO,)2+ 
2 

The solution is held at such a con- 
centration that the solubility prod- 
ucts of the secondary and tertiary 
phosphates are not quite exceeded. 
When an iron or steel surface is 
dipped into such a solution there is 
a decrease in the hydrogen ion con- 
centration at the metal-liquid inter- 
face owing to the following reac- 
tion: 

III. Fe-+2H*— Fe + H; 
This decrease takes place so rapidly 
at the interface that the solubility 
products of the secondary and terti- 
ary salts are exceeded, and they are 
precipitated on the metal surface. 
Reactions (a) produce fresh hydro- 
gen ions, and the original state of 
equilibrium thus tends to be reés- 
tablished in the solution. 

Hydrogen gas bubbles collect on 
the surface of the metal and almost 
prevent further action of the solu- 
tion on the surface. In order to re- 
move this hydrogen blanket a de- 
polarizer (accelerator) is added in 
the form of an oxidizing agent. Thus 
the rate of formation of the phos- 
phate coat is limited by the rate of the 
depolarizing reaction. The most widely 
used depolarizers are nitrates, nitrites, 
sulfites, and chlorates. Without 
these or other accelerators it takes 
six to eight hours for the formation 
of a phosphate coat on iron or steel. 
Through use of an accelerator this 
time is reduced to five minutes or 
less. Nitrates, nitrites, and sulfites 
have been found to be very good ac- 
celerators because they have such 
an oxidation potential that they 
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readily oxidize hydrogen, but do not 
react with the ferrous ions to give 
insoluble ferric phosphates. 


Properties of the Phosphatizing 
Solution 


When iron goes into solution, as 
in reaction (III), in the form of fer- 
rous ions in the presence of an oxi- 
dizing agent, some oxidation takes 
place, resulting in ferric ions. Mere 
contact with air may also bring this 
about. Ferric phosphates are insolu- 
ble and require much free acid to 
hold them in solution (6). In all 
phosphate coating solutions there is 
the choice of using more phosphoric 
acid than is necessary or desirable 
for coating purposes or of produc- 
ing considerable quantities of sludge 
consisting primarily of complex 
phosphates containing ferric iron. It 
is necessary to keep the acid con- 
centration (free acid) as low as pos- 
sible because the hydrogen gas 
blanket is reduced to a minimum 
when the acidity of the bath is kept 
on a level that will be close to the 
acidity provided by the soluble pri- 
mary phosphate. 

Schuster and Krause (7) found 
that a zinc phosphate solution con- 
taining an oxidant (nitrate) had a 
lower rate of sludge formation than 
an iron or manganese phosphate so- 
lution. Phosphatizing solutions con- 
taining only iron phosphates are no 
longer used because they produce 
excessive quantities of sludge and 
give phosphate coats of low corro- 
sion resistance (8). It has been 
found that in the zinc phosphate so- 
lution the amount of iron in solution 
increases from zero to a constant 
value when iron or steel is being 
phosphatized. Because the iron con- 
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tent remains constant, coats of uni- 
form composition and corrosion re- 
sistance are obtained with this type 
of bath. 

When the bath contains enough 
iron to produce precipitation (be- 
comes milky), it is aged or “primed.” 
‘To produce uniform coats of satis- 
factory corrosion resistance aged 
haths must be used. It is possible 
to reach this “primed” stage by 
phosphatizing until the solution be- 
comes cloudy, but all articles phos- 
phatized during this stage have poor 
coats. For this reason other meth- 
ods are used. The solution may be 
aged by adding some cleaned iron 
scrap, steel wool, or a small quan- 
tity of iron phosphate solution. 

Usually the cessation or a marked 
slowing of hydrogen gas evolution 
is taken to indicate the end of the 
reaction (9). Biittner (10) suggests 
that this is the case when the solu- 
tion can no longer come into con- 
tact with the metal. Machu (11) ad- 
vances the theory that the cessation 
of bubbling is not the end of the re- 
action, but that the phosphatization 
process stops when the remaining 
bare metal reaches a state of auto- 
passivation. This stage is somewhat 
beyond the point where no more 
hydrogen is given off. The passive 
condition is determined by potenti- 
ometric measurements. In practice 
the process is not carried to com- 
pletion but allowed to pass only 
through the initial, rapid stage ex- 
tending to about fifteen minutes. 

In order to control the bath the 
solution is analyzed for total and 
free acid concentration. The total 
acid concentration is given by titra- 
tion with phenolphthalein indicator ; 
free acid by using methyl orange 
(12). Macchia (13) suggests bromo- 
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phenol blue in place of methyl 
orange for better results. The ratio 
of total to free acid (determined by 
titrating equal volumes of solution 
with the respective indicators) is 
often used in describing phosphatiz- 
ing solutions. This ratio must be 
kept within definite limits (14). If 
the ratio of total to free acid is too 
low (free acid too high) treatment 
time is too long and the protective 
value of the coating is reduced ow- 
ing to the decrease in tertiary salt 
content in the coat. If the free acid 
concentration is low, precipitation 
of insoluble phosphates will occur 
throughout the solution. If the ab- 
solute concentration of the bath is 
too low, the pH of the bath in- 
creases so rapidly in operation that 
precipitation of insoluble phosphates 
occurs throughout the solution. If it 
is too high, the pH is not increased 
rapidly enough at the interface and 
treatment time is too long. 


Surface Pre-Treatment 


The condition of the surface of 
the metal to be treated is of equal 
importance with the careful control 
of the chemical constituents of the 
phosphatizing bath. These two fac- 
tors determine the character of the 
coat. The surface to be coated must 
be thoroughly cleaned to remove all 
traces of grease, rust, and scale. This 
may be done by vapor or solvent de- 
greasing, acid and alkali cleaners, 
pickling, or by mechanical methods, 
such as sandblasting, grinding, pol- 
ishing, brushing, and wiping. 

Whenever possible, strong chemi- 
cal action during cleaning should be 
avoided. Acid pickling and strong 
alkali treatment lead to a rapid con- 
sumption of the phosphatizing chem- 
icals. The result is a coarse coat 
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(15) of low corrosion resistance, de- 
scribed by the trade as “sparkle,” 
Figure 1. Pickling may more than 
double the time required for treat- 
ment (16). The best results are ob- 
tained when the objects are mechan- 
ically treated. Several authors have 
observed that wiping or brushing 
the surface before treatment greatly 
aids the rapid formation of a fine 
coat (17, 18, 19), Figure 2. 
Jernstedt (19) has developed a 
pre-dip (following the cleaning op- 
eration) which gives the same re- 
sults as mechanical brushing or wip- 
ing. The pre-dip consists of a hot 
solution of disodium phosphate and 
very small quantities of titanium 
ions (0.005-0.05 percent). It is 
thought that the cause of the “wip- 
ing effect” is probably the release 
or formation of an adsorbed film on 
the surface of the metal (20). Oxalic 


acid pre-dips were first used to pro- 


duce this chemical 
(21). 

Copper or silver have been added 
in small quantities to phosphatizing 
baths as another means of accelerat- 
ing the reaction (22, 23). The addi- 
tion of copper to the bath is de- 
scribed in this section on surface 
pre-treatment because the copper is 
thought to act in a similar manner 
to pre-dips and mechanical wiping. 
The copper deposits as a fine film, 
which forms a _ galvanic element 
with the iron. The phosphate coats 
produced in this type of solution are 
rapidly formed and consist of very 
fine phosphate crystals interspersed 
with small particles of copper. The 
corrosion resistance of this type of 
coat is lowered by the galvanic cou- 
ples produced by the copper parti- 
cles, but the coat serves as an ex- 
cellent base for paint. 


wiping effect 
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The Phosphate Coat 

The two outstanding properties of 
the phosphate coat are its ability to 
inhibit or delay corrosion of the un- 
derlying metal and its ability to ab- 
sorb other coating materials in its 
pores. The fine, crystalline blanket 
is often harder than the underlying 
metal, for example ingot iron (24). 
Phosphatization, as has been men- 
tioned before, does not change the 
hardness, elasticity, or magnetic 
properties of the treated material 
(25). Phosphatization of steel wire 
and ribbon causes some brittleness 
but does not affect the spring qual- 
ity (26). The coat is an electrical 
insulator. The increase in dimension 
of phosphatized objects is near 
0.005 to 0.01 mm. (25). This is not 
the thickness of the coat itself, be- 
cause before the coat builds up iron 
goes into solution. Therefore the 
coat is actually thicker than the 
above dimensions would indicate. 

Objects may gain or lose weight 
during phosphatization. It was 
found that the gain or loss in weight 
during the phosphatization of steel 
panels depends on the acid ratio of 
the bath and on the method of 
cleaning used to prepare the surface. 
For baths having a low acid ratio 
(high free acid concentration) there 
is a loss in weight (27). As the acid 
ratio is raised the loss in weight be- 
comes less until finally the articles gain 
in weight. Surface treatment by acid 
pickling accentuates the loss or gain 
in weight. The changes in weight 
during phosphatization are found to 
vary between minus 0.020 and plus 
0.005 gram per square inch (27). 

Coats formed in a zinc phosphate 
bath on steel panels can withstand 
temperatures up to 600° F. without 
visible change. When heated above 
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Figure 1—An example of “sparkle,” the coarse phosphate coat photographed 
at 150X with a metallurgical microscope using direct and oblique illumina- 
tion. The white areas represent the phosphate crystals. 


Figure 2—An example of a smooth, fine phosphate coat photographed under 
same conditions as figure 1. Magnification 150X. 
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this temperature, discoloration and 
peeling takes place (27). 

To increase the corrosion resist- 
ance of phosphate coats they are 
often given a dip in a “passivating 
or sealing” solution immediately 
after removal from the phosphatiz- 
ing bath and the rinsing tank. The 
solutions most frequently used con- 
tain the chromate radical (28). Oil, 
paint, shellac, waxes, and many 
other coating materials are readily 
adsorbed in the pores and together 
with the phosphate coat give excel- 
lent protection against a corrosive 
environment. When a painted sur- 
face, bonded to the metal with a 
phosphate coat, is broken and the 
underlying metal begins to rust, the 
corrosion attack will be confined to 
the break in the surface. There will 
be no creeping of rust under the 
coat of paint to cause peeling. Fig- 
ure 3. 

There are essentially two types of 
phosphate coats, the heavy, thicker 
coat, and the fine, paint-bonding 
type. The heavier coat is usually 
oiled or shellacked, while the light 
coat serves only as a base for paint. 
Phosphate coatings may be stripped 
from the base metal by a concen- 
trated hydrochloric acid pickle or by 
immersion in a molten cyanide 
bath (29). 

Phosphate coatings range from 
light to dark gray in color. The 
color of the coat depends on the 
underlying metal, the metal ions in 
the phosphatizing solution, and, 
within limits, the free acid concen- 
tration of the solution. A predomi- 
nance of iron phosphates gives a 
darker coat, while zinc phosphate, if 
predominant, gives a light colored 
coat. Increasing the free acid con- 
centration also darkens the coat. 
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The color of the phosphate coat 
may be changed by immersing the 
coat in solutions of certain dyes. 
Black coats are produced by coating 
with a layer of oil containing col- 
loidal carbon. Another method con- 
sists of impregnating the crystalline 
surface with an aqueous solution of 


Figure 3—This photograph illustrates the 
effect of a phosphate base for paint. Panel 
at left received three coats of paint on 
cleaned metal surface. Panel at right was 
phosphatized before painting. Both were ex- 
posed to the salt spray after having been 
scratched in the form of an X. White areas 
are rust and bare metal. Salt spray duration 
was 250 hours. 


a metallic salt which yields an in- 
soluble gelatinous precipitate. The 
impregnated surface is then sub- 
jected to evaporation, cooling, heat- 
ing, or chemical action, to precipi- 
tate the insoluble compound in the 
crystalline coat (30). For example, 
the coated article is first immersed 
in a solution of nickel acetate and 
then in a solution of dimethyl gly- 
oxime. This produces a precipitate 
of nickel dimethyl glyoxime within 
the interstices of the coat and gives 
a scarlet color. 

A large number of, methods have 
been used to test the corrosion re- 





rm Th 


ese ese as 


— ae a ae 


hh &D QP we wt Clee OOO ee Re Oe Oe 


rot ere HDR er S| 


December, 1945 


sistance of phosphatized metals. 
Some of these are exposure to the 
atmosphere, salt-spray test, humid- 
ity test,, water-immersion test, heat- 
ing test, immersion in sodium 
chloride solution, and mechanical 
bending and scraping tests (31). Of 
these only the salt spray has been 
used as a standard test (32). This 
method consists of exposing the 
phosphated surface to a fog made 
up of water-saturated air and a 
twenty percent sodium chloride so- 
lution at 96° F. Un-oiled phosphat- 
ized surfaces are usually expected 
to show no signs of rusting after 
three hours of exposure in the salt- 
spray tank, and 24 hours if oiled. 
Paint adhesion is tested by making a 
scratch through the paint and phos- 
phate coat down to the metal. On 
exposure to the salt spray for 250 
hours the rust formed in the scratch 
should not creep more than one- 
eighth of,an inch away from either 
side of the scratch to pass the stand- 
ard requirements. 

Baker (33) and associates found 
that various methods of corrosion 
testing of phosphate coats gave near- 
ly identical results. The salt-spray 
test gave the most sensitive results, 
immersion in distilled water and 
0.01 N sulfuric acid were less sensi- 
tive, and 5 to 20 percent sodium- 
chloride solution immersion tests 
were unreliable. 

The presence of certain metal ions 
in the phosphatizing solution pre- 
vents the coat from adhering rigidly 
to the metal, thus causing smudgy 
coats which wipe off. Lead and ar- 
senic are the most outstanding of 
this group. Macchia (34) has found 
that if arsenic is present in a con- 
centration greater than 0.005 percent 
the phosphate coat will smear. 
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Industrial Application 

The objects to be coated must be 
cleaned, rinsed, phosphatized, rinsed 
again, and dried. If pre-dips and 
sealing treatments are used these 
follow the rinsing operations. Vari- 
ous mechanical methods have been 
developed to carry out these oper- 
ations. The oldest apparatus con- 
sists of a series of heated tanks con- 
nected by an overhead trolley which 
is used to move the objects from 
one tank to the next, For continuous 
operation on a large scale a spray 
process has been developed. The 
process is used primarily for paint- 
bonding coats which require only a 
relatively thin layer of crystals. Ma- 
chinery for this purpose has been 
designed on the assembly line prin- 
ciple (35). The articles, such as au- 
tomobile fenders, doors, and hoods, 
move through a series of spraying 
chambers in which they are cleaned, 
rinsed, phosphatized, rinsed again, 
and dried. The applicability of the 
phosphatization process to the as- 
sembly line has given a tremendous 
impetus to the large scale use of the 
process as a paint bonding method. 

The largest use of phosphate coat- 
ings is a base for paint. The next 
most important use is as a finish for 
tools and machine parts. Some use 
is made of phosphate coats for cold 
drawing operations. When _ phos- 
phatized iron bars are drawn 
through a die the phosphate crys- 
tals are crushed and ground with 
the lubricant to form a plastic mass 
(36). Phosphate coats make draw- 
ing easier, chiefly through their ad- 
sorptive powers for lubricants and 
their high plasticity. Phosphate 
coats impregnated with graphite 
improve the running-in properties 
of piston rings (37). 
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Corrosion and Phosphatization 


The corrosion of metals may be 
described as the unintentional 
changes caused by chemical action 
of their environment on their sur- 
face, which result in their deteriora- 
tion or destruction. The metals tend 
to revert to more stable combina- 
tions, such as those found in metal- 
lic ores, The chemical changes tak- 
ing place during corrosion are heter- 
ogeneous, topochemical reactions 
(38). Not only the purely chemical 
reaction is of importance in corro- 
sion but also the nature of the sur- 
face and the solid corrosion prod- 
ucts. 

Speller (39) gives reactions for a 
simple case of the corrosion of iron. 
The primary reaction 


1. Fe+2 H*= Fe* + 2H 
is followed by either 


2.a. 2H+%40.— H:0 
or ‘bh 2H? se, 


These reactions produce an accumu- 
lation of ferrous ions in the solution 
which are oxidized to form rust. 


3. Fe** + YO.+ H:0 — 2Fe*** + 
20H’ — Fe(OH)s (rust) 


Walker (40) pointed out that the de- 
polarizing reactions No. 2 are the 
limiting reactions in the series. 
(Compare with the limiting reaction 
of the phosphatization process.) 
The phosphatization process may 
be considered a form of “controlled 
corrosion.” Small quantities of the 
metal being coated dissolve (cor- 
rode) with the evolution of hydro- 
gen. To permit this reaction to con- 
tinue the hydrogen must be removed 
in both the phosphatization and cor- 
rosion processes by a depolarizer 
(oxidizing agent). During phospha- 
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tization the dissolution of iron 
causes supersaturation of metal 
phosphates in the solution near the 
surface of the metal and crystalliza- 
tion takes place. A crystalline coat 
is formed which eventually prevents 
further dissolution of the metal and 
the “corrosive process” is stopped. 


During the corrosion of uncoated 
iron the destructive reaction con- 
tinues as long as hydrogen is re- 
moved, because the solid products 
(rust) formed do not give an ad- 
herent coat. Since the coating is not 
adherent, scaling exposes more fresh 
metal, the attack is renewed, and 
the metal gradually deteriorates. 


Historical Note 


The first example of phosphate 
rust protection was found in Hom- 
burg, Germany, among Roman ruins 
dating back to the third century 
(41). Iron objects covered with a 
layer of blue-green hydrous ferrous 
phosphate (vivianite) were discov- 
ered. There is some question as to 
whether this layer was formed ac- 
cidentally by contact with nearby 
bone ashes or whether the coat was 
applied with knowledge of its prop- 
erties. The first patent on phosphate 
rust protection was taken out by 
Ross in 1869 (42). Red-hot iron ob- 
jects were dipped in phosphoric acid 
to increase their resistance to oxida- 
tion and perspiration. 

Thomas W. Coslett of Birming- 
ham, England, was the first to make 
the phosphatization of iron and steel 
industrially applicable. In a series of 
patents beginning in 1906, Coslett 
described his process. He suggested 
that the free acid content should be 
kept as low as possible, that the 
coat should be oiled or otherwise 
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coated to increase further the corro- 
sion resistance, that an electric cur- 
rent should be used to accelerate the 
reaction, and that addition-agents 
(borates) should be used to reduce 
the time required for phosphatiza- 
tion (43). Coslett may be considered 
the originator of industrial phos- 
phatization. His work is the basis 
of phosphate rust protection as it is 
known today. 
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Notes on Use of Copper-Nickel Alloy 
in HF Alkylation Processes 


By B. B. Morton 


International Nickel Company 


SERIES of tests as well as 
reste from operating 
equipment in HF alkylation service 
indicate that a copper-nickel alloy 


(approximately two-thirds nickel 


and one-third copper) has emerged > 


as possibly the most useful of com- 
mercial materials to resist the cor- 
rosion from HF (hydrofluoric) acid. 
This copper-nickel alloy and its vari- 


ations are used as liners for vessels, 
as rings and packing, and for valves 
and fittings. Table I gives the ap- 
proximate analyses of these alloys 
and Table II shows some data on 
their resistance to various strengths 
of hydrofluoric acid. 

In some cases there has been a 
tendency to use these alloys as lin- 
ing for towers that are packed with 


TABLE | 


| Nickel Copper 
| | Per Cent | Per Cent 
MATERIAL w 


Copper Nickel Alloy (Monel)| 
Silicon Copper Nickel Alloy | 
i ee”) 
Aluminum Copper Nickel | 
Alloy (‘“‘K"’ Monel)... . | 


* Only as castings. 


Iron 
Per Cent | Per Cent | Per Cent | Per Cent | Per 
w w w w 


Approximate Compositions of Copper Nickel Alloys 


Alum- 


inum Silicon Carbon 
Cent 


w 


nese 





TABLE Il 


Corrosion Tests (Air-Free) 


Copper-Nickel Alloys 


Acid 
Conc. 
Per Cent 


Temp. 
Deg. 
MATERIAL F. 


86 
176 
86 
176 


Copper-Nickel. . 
Alloy (wrought) 
(Approx. 69% Ni 

29% Cu). 


86 
176 
86 
176 


Alloy (cast)... 
(Approx. 69% 
29% Cu). 


Ni cs. 


| 
Copper-Nickel. . pares y 


86 
176 
86 
176 


Silicon—Copper—Nickel 
Alloy (cast) 


(Approx. 4% Silicon)... 





* Agitation Rate = 100 cc/min. 

+ Dm2 = Square decimeter. . 

t Mdd. = Milligrams per sq. decimeter per day. 
§ Ipy. = Inches penetration per year. 
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Nitrogen 
Nitrogen 
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COPPER-NICKEL ALLOY IN 


HF ALKYLATION 


Figure 1—Four stages in the repair of the steel plug of a valve used in HF alkylation 
plants. At the left is a plug as pulled from service and requiring reconditioning. Adjacent 
is a similar plug, machined undersize for overlay of new metal. The third plug shows the 
manner in which the turned plug is overlaid with copper-nickel alloy, while the plug at the 
right has been finished, machined, ground and lapped, with lubrication grooves restored. 


carbonaceous material. A study of 
the effects of carbonaceous material 
when acting as cathodes will be 
made the subject of a further con- 
tribution to this journal. At this 
point it can be said that the carbon- 
aceous packing material would prob- 
ably accelerate the corrosion of a 
copper-nickel alloy liner, or for that 
matter of any other metal. 


In the matter of valves, a high 
silicon (4 percent Si) variation of 
this alloy has been found very useful 
for cast plugs in HF alkylation 
units, because of its non-galling 
properties. This alloy is available 
only in cast form, A_high-silicon 
copper-nickel rod has been devel- 
oped that permits an overlay of this 
alloy on other plug material. The 


TABLE Ill 


Corrosion Tests (Air-Saturated vs Air-Free) 


Copper-Nickel Alloy 


Deg. 
MATERIAL F. 


86 
86 


176 
176 


Copper—Nickel 
\lloy (wrought) 
Approx. 69% Ni | 
29% Cu) 5 | 86 
é 86 
| 


176 | 
176 
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* Air agitation rate = 300 cc/min. 
+ Dmz = Square decimeter. 

t Mdd = Milligrams per square decimeter per day. 
§ Ipy. = Inches penetration per year. 


Agitator 
Gas* 


Air 
Nitrogen 


Air 
Nitrogen 


Air 
Nitrogen 


Air 
Nitrogen 


Nitrogen agitation rate 


in Hydrofluoric Acid 


| Corrosion Rates 

| | Maat | Ipys 
1 0. 230. 0.0380 
5 0. 1.0 0.0002 

L 0. 

| 

| 

| 

| 


67.0 
14,5 
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0. 
0. 


0110 
0. 0024 
0. 
0.2 


0.0079 
0.0006 


0.4 


0. 0 


1 .0400 
6 0.8 6 


0 
0.0006 








- 


100 cc/min 
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use of this overlay has facilitated the 
repair of valves for use in HF serv- 
ice. See Figure 1. 

Some hesitancy was experienced 
in using the high-silicon forms in 
HF service due to the thought that 
the silicon would be attacked by the 
acid. Experiments have demon- 
strated that this uneasiness is not 
warranted. The experiments indicate 
that the rate of corrosion of the 
copper-nickel allows containing sili- 
con is no more vigorous than can 
be expected from the regular grade, 
which is low in silicon, and which 
is notably resistant to HF. It is ap- 
parent that while silicates are at- 
tacked, metallic silicon is not sub- 
ject to special attack by HF acid. 

A problem has arisen involving 
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bolts for use in valves handling HF 
acid and material contaminated with 
this acid. The most satisfactory 
solution at the moment for the 
breakage of the steel bolts appears 
to be to make use of an aluminum- 
copper-nickel alloy in the hot-rolled 
and aged condition. In this condi- 
tion the metal gives the following 
mechanical properties: 


140,000—165,000 psi 
100,000—125,000 psi 
20 percent 


Tensile Strength 
Yield Strength 
Elongation in 2” 


The success of above uses of the 
copper-nickel alloys is dependent 
upon comparatively air-free condi- 
tions. Table III shows the effect of 
air on the corrosion rates, 
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Corrosion Abstracts 


FUNDAMENTAL 
INFORMATION 


Rate of Corrosion and Electrode 
Potentials of Magnesium As Af- 
fected by pH of the Solution. G. V. 
Aximov and I, L. RosENFELD, Comp. 
rend. (Doklady) Acad. Sci. (USSR), 
44, No. 5 193, (1944) (In English) 
J. of Inst. of Metals and Metall. Abs. 
12, 114 (1945) April. 

Electrode potentials and rates of 
corrosion of magnesium specimens 
were measured in hydrochloric acid, 
distilled water, and sodium hydroxide, 
from pH 2 to pH 8 both potential and 
corrosion rates are high, but decrease 
sharply. There is no protective film 
in this region. From pH 8 to pH 11 
the electrode potential remains con- 
stant, but the rate of corrosion falls 
steadily. This behavior is connected 
with the formation of a protective 
film and its growth as pH increases. 
From pH 11 upwards the film in- 
creases sharply. 


Formation and Structure of Iron 
Oxide Films. V. I. ARKHAROY, et al., 
J. of Tech. Physics (USSR), 1944, 
No, 14, 132 (In Russian) Iron Age, 
156, No. 3, 65 (1945) July 19 (Trans- 
lation). 

The crystal structures of iron, 
nickel and cobalt oxide films were 
studied by X-ray reflection and are 
reported. Oxidation of nickel in air 
at 2282° F. produces a film consist- 
ing of nickel oxide only. The nickel 
oxide phase contains almost no holes 
and the higher spacing near the film- 
air interface seems to be due to in- 


corporation of some oxygen atoms 
into the nickel oxide lattice, which 
diffuse toward the metal and form 
nickel oxide crystals at the metal 
surface. Thus the nickel oxide film 
grows only from the metal side. The 
ferrous oxide was found to build up 
along its two faces. Rate of oxida- 
tion of nickel is less than that of 
iron since the gradient of spacing 
across the oxide film is smaller. Co- 
balt behaves similarly to nickel. 
From the examples of all three met- 
als, an important rule is drawn: 
The oxidation of a metal in air pro- 
ceeds the more rapidly, the steeper 
the spacing gradient within the 
oxide film. 


CORROSION TESTING 


Alternate-Immersion Test for 
Aluminum-Copper Alloys. R. B. 
Mears, C. J. Watton anv G. G. 
Evprivce, Aluminum Co. of America, 
A.S.T.M. Proc. 44, 639 (1944). 

The Aluminum Research Labora- 
tories alternate-immersion test is dis- 
cussed in detail. Consideration is given 
to (1), a complete description and 
method of conduction tests; (2), re- 
sults of corrosion tests on internal 
standards and laboratory heat-treated 
material; (3), effect of variation in 
concentration of solution; (4), effects 
of change in volume of solution per 
unit area; change in thickness of 
specimen, method of surface prepara- 
tion, and duration of exposure. The 
test solution is composed of 57 g. 
sodium chloride and 3 g. hydrogen 
peroxide per liter. The test is set up 
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so that the solution bath is raised and 
lowered to give alternating immersion. 


A Variable-Cycle Alternate-Im- 
mersion Corrosion-Testing Machine. 


C. H. Manoney, Basic Magnesium 
Corporation, A. L. Tarr anp K. A. 
SKEIE, A. S. T. M. Bull. 188, 16 
(1945) Mar. 

This machine tests up to 48 speci- 
mens in separate glass solution con- 
tainers which are treated in a common 
bath. Immersion and aeration periods 
are automatically controlled by means 
of independent time switches. 


Corrosion Resistance of Clad 24S 
Aluminum Alloys. C. M. MarsHa tt, 
Consolidated Vultee Air Craft Corp., 
Automotive and Aviation Ind. 98, No. 
1, 28 (1945) July 1. 

The results of tests during which 
clad 24S, both aged and un-aged, was 
exposed to a salt spray solution for 
500 hours, and to an accelerated cor- 
rosion medium containing salt and hy- 
drogen peroxide for a 48-hour period 
indicate that the yield and ultimate 
strengths of both types were not af- 
fected by either of the corrosive solu- 
tions. Surface pits were noticeable on 
both samples in salt spray test. Un- 
primed, un-aged samples showed 
slight attack along grain boundaries in 
accelerated corrosion media. A zinc 
chromate base prime coat prevented 
this attack. 


Report of Subcommittee II on 
Performance Tests; Electroplated 
Lead Coatings on Steel. A. S. T. M. 
Proc. 44, 280 (1944). 

This committee initiated atmos- 
pheric exposure tests of electro-plated 


lead coatings on steel. The purpose of 
the tests is to determine the effect of 
lead thickness, the type of plating 
bath, the presence or absence of a thin 
copper undercoating, and of physical 
damage to the coating on the useful 
life of such coatings in various atmos- 
pheres. Stations were selected to rep- 
resent industrial, rural, sea-coast and 
tropical atmospheres ; 148 panels were 
set up at each station. All panels were 
prepared in the same manner. Pre- 
liminary results are reported but short- 
ness of exposure does not warrant 
broad conclusions regarding the utility 
of electroplated lead coatings at this 
time. 


Report of Subcommittee VI on 
Atmospheric Corrosion Tests of 
Non-Ferrous Metals and Alloys. 


A.S.T.M. Proc. 44, 224 (1944). 


This is a continuation of the 1943 
report on the results of the ten year 
atmospheric exposure tests conducted 
at seven stations on 24 non-ferrous 
metals. The seven stations included 
industrial or semi-industrial, sea coast 
and rural. “Graded summaries” are 
given which show the changes in ma- 
terial, such as loss in weight, average 
penetration, and changes in tensile 
strength. 


Basic Requirements in the Stand- 
ardization of the Salt Spray Corro- 
sion Test. L. J. Wavpron, A. S. T. M. 
Proc. 44, 654 (1944). 


Basic requirements should be such 
that the samples will be exposed at 
a constant temperature to a_ uni- 
formly distributed dense fog of con- 
stant, known composition. It is felt 
that specification should also include 
preparation, positioning and inspec- 
tion of samples. A detailed discussion 
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of temperature control, composition of 
salt solution and standardization is in- 
cluded. 


Anti-Freeze Solutions. E. W. 
STEINITZ, C, R. Laboratories, Auto- 
mobile Engineer, 35, No. 460, 123, 
(1945) March. 


Among tests of fluids for liquid- 
cooled internal combustion engines, 
corrosion tests are described. Mild 
steel, copper-iron jointures, copper 
and aluminum were tested in various 
concentrations of anti-freeze and 
ethylene glycol. A variety of methods 
for testing is described. In one, a glass 
vessel containing all the materials used 
in an actual system are kept in metallic 
contact with each other, since in new 
motor-car models all metal parts are 
connected to keep down corrosion. In 
another, a test-stand consists of a 


cylinder block of cast iron, a cylinder 


head of aluminum-silicon alloy, a 
water pump of all cast iron with 
bronze impeller wheel, driven by an 
electric motor, and a small radiator. 
This method proved superior to 
chemical laboratory methods. The test 
rig simulating conditions in a car and 
corrosion test in progress in a Thiele 
tube are shown. Corrosion data are 
tabulated, as well as materials used for 
various parts of engines. 


CHEMICAL CORROSION 


Resistance of Chromium-Nickel 
Austenitic Steels to Nitric Acid. 
A. Gotta, Korrosion und Metall- 
schutz, 17, No. 7, 241 (1941). 

The resistance of 18-8 steel contain- 
ing 0.1 percent silicon to boiling fum- 
ing nitric acid is much higher than that 
of the same steel containing 0.5 per- 


cent silicon. It may be expected that 
low silicon, or still better, silicon-free 
acid-resisting 18-8 steels when used in 
apparatus subjected to especially se-. 
vere action of nitric acid and nitrogen 
oxides will show a much longer useful 
life than 18-8 steel with some tenths 
of one percent of silicon. 


Corrosion Reporter. Chem. and 
Met., 52, No. 3, 172 (1945) March. 


Manufacturers interviewed dis- 
cussed the following: use of stainless 
with nitric acid, as well as Tygon and 
Tygon paint; use of stainless and 
Pyrocast for mercury nitrate at 400° 
C.; use of Elcomet K pumps and cast- 
ings, Everdur or copper piping, zinc- 
free bronze for pipe fittings and Monel 
for centrifuge parts, baskets and shaft- 
ings with oxalic acid; use of tellurium 
lead with sulfuric acid (found not bet- 
ter than chemical lead) ; materials used 
in manufacture of chromates and bi- 
chromates. In the latter, where vari- 
able solutions of chromic acid and 
sodium bisulphate are handled up to 
100° F., Durimet and 18-8 are used, 
the latter only where 2 percent of 
chromic acid is present as an inhibitor. 
Monel evaporators are employed after 
the bichromate is removed. Centri- 
fuges and driers are lined with Monel 
or 18-8 stainless. Mercuric chloride 
viciously attacks all metals, even when 
powdered product is apparently dry. 
Glass and chemical stoneware are the 
only usable materials, although it has 
been said that tantalum may be a pos- 
sible solution. 


CATHODIC PROTECTION 


The Use of Zinc for Cathodic Pro- 
tection. H. W. Wautouist, Ebasco 
Services, Inc., Corrosion 1, 119 (1945) 
Sept. 
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The use of zinc as a current source 
in cathodic protection has a number of 
advantages where soil conditions are 
favorable. These include a cost advan- 
tage, adaptability in highly anodic sec- 
tions, and ease of application in con- 
gested areas. Lack of knowledge of 
the long time behavior of zinc in 
various soils has been a severe handi- 
cap to the efficient use of zinc. This 
paper presents information collected 
in a comprehensive study of the be- 
havior of zinc anodes in Colorado and 
in Houston, Texas. The study includes 
detailed study of the soils, effect of 
polarization, record of frequent checks 
on potential changes, and an extensive 
research project on backfill materials. 


Zinc Anodes for Preventing Cor- 
rosion of Distributing Mains. C. L. 
Morcan, United Gas Corporation, 
Petr. Eng. 16, No. 13, 196 (1945) 
Sept. 

History of the development of the 
use of zinc anodes for cathodic protec- 
tion of the gas lines of the city of 
Houston. It includes the leak record 
before and after installation of zinc 
anodes. The design and installation of 
anodes are discussed along with the 
problem of insulating lines from sur- 
roundings. Cost and performance of 
these installations are also presented. 


Light Metals for the Cathodic 
Protection of Steel Structures. R. B. 
Mears AND C. D. Brown, Aluminum 
Company of America, Corrosion 1, 
113 (1945) Sept. 


Laboratory data are presented to 
show the favorable position of alumi- 
num in the application of light metals 
in the field of cathodic protection. 
Short-time field experiments appear to 


substantiate the laboratory data where 
a backfill of clay plus 5 percent sodium 
chloride and 5 percent lime is used. 


Electrical Process Prevents Cor- 
rosion. Steel, 116, No. 15, 122 (1945) 
April 9. 

Corrosion is prevented on the in- 
ner surface of a steel water-storage 
tank by a new automatic electrical 
method based on maintenance of an 
electrical potential between steel 
water-storage tank shell and water 
in contact with the surface. Current 
is adjusted in amount sufficient to 
maintain ionized hydrogen film on 
inside surface of the tank. Film acts 
as an insulator, protecting the iron 
from contact with the water and ac- 
tion resulting in partial dissolution 
or corrosion. This system removes 
old rust and corrosion and elimi- 
nates need for scraping and painting 
the inside wall. 


Cathodic Protection of Steel Sur- 
faces in Contact with Water. Leon 
P. SupraBin, Electro Rust-Proofing 
Corp., W. W. and Sewerage, 92, R-67 
(1945) Je. 

An extensive review covering: (1), 
the basic principles and controlling 
phenomena involved in using cathodic 
protection for mitigation of water cor- 
rosion; (2), comments on the practical 
application of this process; and (3), 
its applications to hot water tanks, 
clarifier mechanisms and deep wells. 
44 references. 


CONSTRUCTION MATERIAL 


Corrosion Reporter—Materials 
Used in Producing Chemical Colors. 
Chem. and Met., 52, No. 7%, 187 
(1945) July. 
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A condensed summary is offered of 
materials used in producing chemical 
colors by a leading producer. A flow- 
sheet shows arrangement of equip- 
ment, while parts and materials are 
tabulated. Stainless stell is used in 
various fittings for use with sulphuric, 
nitric and chromic acids. 


Fluorine Industry Molds a Post- 
war Career from Wartime Service. 
J. R. Cattanan, Chem. & Met. Eng. 
52, No. 3, 94-99 (1945) March. 

A survey of the fluorine industry, 
yiving process, history, principal pro- 
ducers, manufacturing flow chart, 
uses, and materials of construction 


which are acceptable in its manufac- 
ture. Monel is comparatively excellent 
or satisfactory. Valves, stirrers, rotary 
drier liners of Monel are described. 
The life expectancy of the stirrers is 
only % month. Corrosion studies are 


under way at the Easton works which 
may modify design and life of some 
equipment. Postwar prospects for 
Freon are promising, both as a re- 
frigerant and as a propellant for aero- 
sol insecticides. Production statistics 
of anhydrous HF are given. Platinum, 
one of the most resistant of metals to 
hydrofluoric acid, and silver have ex- 
cellent resistance to it in the absence 
of sulphides or of appreciable amounts 
of sulfuric acid. 


REFINERY CORROSION 


Corrosion of 18-8 Alloy Furnace 
Tubes in High-Temperature Vapor 
Phase Cracking Service. E. J. Camp 
AND Ceci PHILLIPs, Humble Oil and 
Lewis Gross, Taylor Refining Co., 
Corrosion 1, 149 (1945) Sept. 

Rapid failure of 18-8 alloy furnace 
tubes in processing naphtha from 
sweet Refugio crude made a butadiene 
plant inoperable. Tubes failed in from 
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120 to 400 hours of service by reason 
of uniform thinning of tubes. Com- 
parison of properties of feed and prod- 
ucts with those of a similar plant re- 
vealed the absence of mercaptan sulfur 
in the Taylor Plant. Investigation 
showed that this corrosion could be 
practically eliminated by adding small 
quantities of suJfur to the feed stock. 
The cause of the corrosion was not 
determined. 


The Corrosion Resistant Char- 
acteristics of Some Condenser Alloy 
Tube Alloys. A. W. Tracy, American 
Brass Company, Corrosion 1, 103 
(1945) Sept. 

A discussion of the properties and 
characteristic attack of copper alloy 
tubes in refineries and power plants is 
discussed. Dezincification type of at- 
tack may be general as in acid water 
or plug type as found in alkaline 
waters. Addition of inhibitors reduces 
attack. Impingement corrosion results 
from turbulent action which continu- 
ously remove the protective film. In 
sea water 30 percent cupro-nickel has 
proven best. Stress corrosion in re- 
fineries is usually associated with mois- 
ture, oxygen and ammonia. Fatigue 
type attack is observed under condi- 
tions of excessive vibration. The gen- 
eral properties of deoxidized and 
arsenical coppers, red brass, Admir- 
alty, aluminum brass, cupro-nickels, 
and aluminum bronze are given. 


Corrosion Problems in the Petro- 
leum Industry. The Action of Pro- 
tective Films. A. H. Stuart. Petro- 
leum (London) 128 (1945), July. 

Investigations of the electrical in- 
sulating properties of enamel and 
lacquer films showed that a large num- 
ber of these, although good insulators 
when dry, possessed an appreciable de- 





26 CORROSION—-NATIONAL ASSOCIATION OF CORROSION 


gree of conductivity when wetted by 
an electrolyte, allowing the passage of 
the ions of iron from the metal to the 
water. Under the conditions of the 
test, plain steel, dipped in a synthetic 
resin, showed a readily visible film of 
rust in 6 hours, and after 72 hours 
showed several small specks of red 
rust which would have developed at an 
increasing rate. It was concluded that, 
although the film would not prevent 
corrosion, it would substantially re- 
duce the rate at which rust would 
form. Similar electrical tests indicated 
that even the most favorable oil and 
grease films also break down under 
certain conditions. Anti-corrosion oils 
which have an attraction for water 


have now been developed. These are 
readily self-emulsifying and any con- 
densation of moisture is quickly ab- 
sorbed by the oil and does not reach 


the coated metal. 

From the practice of marking 
products from the rolling mill with 
batch numbers by means of red-lead 
paint while the iron is still hot, it was 
discovered that these batch numbers 
resist corrosion for long periods while 
the same paint applied over the mill 
scale after the iron is cold affords very 
little protection. This is explained by 
the fact that the paint, if applied while 
the iron is still hot, is still sufficiently 
fluid to flow into the interstices when 
cracking of the iron takes place thus 
excluding air and moisture. However, 
if the paint is not applied until the 
iron is cold, corrosion cells are set up 
under the paint film, as the cracks are 
already formed and filled with moist 
air. It has been suggested that it would 
be beneficial to dip the plates and sec- 
tions into a bath of linseed oil carry- 
ing a red-lead or other anti-corrosive 
pigment as they leave the mill or at 
least before they cool off. 
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Glue, starch, phenol and thiourea 
are mentioned as inhibitors to reduce 
the risk of the sulfuric acid (used in 
pickling for removing mill scale) at- 
tacking the iron sufficiently to form 
nascent hydrogen, thus making the 
iron brittle—Lib. Bull. of Abs., Uni- 
versal Oil Products Co. 


SURFACE TREATMENT 

Phosphating at Room Tempera- 
ture. L. SCHUSTER AND R. Krause, 
Korrosion und Metallschutz, 20, No. 
5, 153 (1944), May. 

The factors playing a role in the 
development of phosphating systems 
that produce coatings at room tem- 
perature are described and their in- 
fluence on the formation of the coat- 
ings explained. The cold bonderizing 
process, a fast process applicable both 
by spraying or dipping, in commercial 
use for more than three years for 
purposes of rust-proofing and cold 
forming, is described with special ref- 
erence to the differences from the hot 
phosphating processes. A brief outline 
of the advantages of cold phosphating 
and the most important properties of 
coatings obtained at room temperature 
from zinc phosphate solutions has 
been presented. The many applications 
of cold phosphating are pointed out. 


COATINGS 


Corrosion Preventives, New Type 
Petroleum Preservatives Developed 
to Protect Equipment During Stor- 
age and Transportation, C. M. Lar- 
son, Sinclair Refining Co., Nat. Petr. 
N. 37, R 609 (1945) Aug. 1. 

Choice of rust preventive depends 
on: (1), nature and function of parts 
surfaces; (2), type of exposure an- 
ticipated and degree of preservation; 
(3), ease of application; and (4), 
availability. A series of evaluation 
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tests is discussed, specifications of sev- 
eral army and navy grades of rust pre- 
ventives are given, and procedures for 
application are listed and discussed. 


New Developments in External 
Coatings and Corrosion Preventive 
for Canned Foods. H. R. Situ, 
proc. Inst. Food Tech. (1944), 26. 

Solid waxes, water emulsion waxes, 
solvent waxes, petroleum products, 
paints and alc. sol, resin lacquers were 
tested by means of the continuous salt 
spray exposure tests of the Bureau of 
Standards and by simulated field con- 
ditions to ascertain their efficacy as 
external rust preventives for tin cans. 
The paints were most satisfactory in 
preventing rust and in_ providing 
camouflage. The solid waxes gave pro- 
tection but were difficult to apply. 
Coating by dipping and by spraying 
were effective, but dipping is generally 
simpler and less costly in common 
practice. Water-emulsion waxes were 
protective, but difficulties are incorpo- 
rating. Sufficient pigment to provide 
camouflage were encountered. Paper 
labeled cans exhibited the greatest cor- 
rosion due to moisture being retained. 
Tables are presented evaluating nu- 
merically the various preventives 
tested. Commercial-coating problems 
and Quartermaster Corps specifica- 
tions are discussed. 


oe 


Corrosion Preventives. J. 
Boyer, E. F. Houghton and Co., Steel 
116, 128 (1945) June 11. 


Paper covers removable coatings 
which include solvent type, grease or 
petroleum type, oil type emulsified 
grease type, and plastic stripping type. 
Protection expectancy is predicted for 
the various coatings under numerous 
conditions. Guide for selecting proper 
coating is given. 
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Corrosion-Preofed Metals. Plas- 
tics 8, No. 1, 98 (1945) July. 

A phenol formaldehyde resin, called 
Protect-O-Phene and developed by 
Poly Resins Co., is reported as being 
highly abrasion resistant, withstanding 
considerable heat and being easy to 
apply. Application consists of brush- 
ing, dipping or spraying and heat 
treating at 275° for pre-coats and 350- 
400° for final coat. Coating is resistant 
to strong chemicals such as 50 percent 
sulfuric acid and zinc chloride solu- 
tions. The coating is very flexible, as 
is shown by its application to coiled 
springs. 


Zinc Chromate Primers vs. Cor- 
rosion. W. R. Barrett, Reichhold 
Chemical, Inc., Organic Finishing, 6, 
No. 3, 17-19 (1945) March. 

A combination of the following rea- 
sons explain the efficacy of zinc chro- 
mate primers in inhibiting corrosion: 
(1), the zinc chromate primer film 
itself retards diffusion of oxygen to 
the metal surface; (2), the soluable 
chromate ions liberated when zinc 
chromate is dissolved in water act as 
an oxidizing agent and change the 
soluble ferrous hydroxide coating to 
the more insoluble ferric hydroxide 
film; (3), the zinc chromate primer 
films tend to buffer the solution at a 
pH of about 7, representative of the 
range where ferric hydroxide is stable 
and relatively insoluble; and (4), the 
zinc ion liberated may act as a polar- 
izer, preventing liberation of nascent 
H and hence causing passivation. The 
two most prominent current zinc chro- 
mate specifications are discussed. By 
combining zinc yellow with a wide 
variety of binders, zinc chromate pri- 
mers of almost any desired group of 
performance characteristics may be 
obtained. 
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Protective Painting of Structural 
Steelwork. J. C.' Hupson, J. of the 
Oil and Colour Chemists Assoc., 28, 
27% (1945) Feb. Bull of the Iron and 
Steel Inst., 112, 159A (1945) April. 

The paper on the protective paint- 
ing of structural steel by the Pro- 
tective Coatings Sub-Committee of 
the Corrosion Committee is_ re- 
viewed and amplified by more de- 
tailed references to the experimental 
work of the Corrosion Committee of 
the Iron and Steel Institute. 


Synthetics and Engineered Cor- 
rosion Control. D. F. Srmppatt, 
Monthly Rev. Am. Electroplaters Soc. 
32, 331 (1945). 

A discussion of corrosion and its 
control, in particular by the use of pro- 
tective organic coatings. C. A. 39, 2725 
(1945). 


Polyisobutylene Tank Lining. D. 
W. YounG anp W. C. Harvey, Stand- 
ard Oil of New Jersey, Ind. & Eng. 
Chem. 87, 675 (1945) July. 


This polymer resembles _ slightly 
broken down rubber and is an_ali- 
phatic hydrocarbon that is essentially 
non-reactive at temperature up to 100° 
C. in caustic or acid solutions. Method 
is proposed for preparing tank lining 
from this material. Suggestions are 
made for preparing polymer for lining 
and procedure for application. The 
bond strength of the liner and detailed 
data on its resistance to many chemi- 
cals are given. 


GAS AND CONDENSATE 
CORROSION 
NGAA Condensate Well Corro- 
sion Studies, Petr. Eng. 16, No. 13, 
277 (1945) Sept. 
National Gasoline Association, on 


entering its second year of intensive 
research program, announces three 
additional studies which are sponsored 
by the NGAA Corrosion Research 
Project Committee at the University 
of Texas. Dr. Norman Hackerman is 
directing a study of surface film on 
well equipment. Dr. H. L. Lochte is 
directing a project concerning the 
varieties and concentrations of organic 
acids and other compounds, such as 
phenols, in water taken from con- 
densate wells. Dr. W. A. Cunningham 
has a project covering routine analyses 
of water samples from corrosive and 
non-corrosive wells. Studies to date 
have shown carbon dioxide and or- 
ganic acids to be contributing factors. 
A satisfactory analytical procedure for 
quantitative determinations of the 
amount of organic acids present in 
well-head waters has been perfected 
and is now being used in field surveys. 
Investigations have also been made of 
the effect of electrostatically charged 
particles in high pressure gas streams, 
using an instrument developed for the 
committe by Battelle Memorial Insti- 
tute, and a series of field experiments 
is now in progress. Quantitative infor- 
mation on rates of corrosive attack on 
various kinds of alloys has been ob- 
tained. U. S. Bureau of Mines is 
studying laboratory and field studies 
of corrosive materials, resistant alloys, 
corrosion inhibitors and phase dis- 
tribution in flowing wells. N.A.C.E. 
under direction of Walter F. Rogers 
is testing various alloys in the gas 
streams of corrosive wells. 


Corrosion Resistant Sucker Rods. 
Corrosion 1, 148 (1945) Sept. 

The successful application of nickel- 
coated sucker rods in a West Texas 
oil field is reported. A hardenable 
aluminum-copper-nickel alloy is re- 
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ported as being in a corrosive service 
without apparent attack for 4 years. 


BEARING CORROSION 


Diesel Engine Bearings, Discus- 
sion of Failures and Progressive In- 
spection Measures. L. M. Ticu- 
vinsky, American Bearing Corpora- 
tion, Mech. Eng. 67, 297 (1945) May. 

The object of this report is to de- 
scribe common Diesel engine bearing 
operation and failures, and to indicate 
rational bearing maintenance methods. 
The following causes of failure are 
discussed: (1), fatigue of bearing 
metal under high cyclic loads; (2), 
excessive or insufficient hardness of 
the bearing metal; (3), corrosion of 
the bearing metal by the lubricating 
oil; (4), inadequate bond between 
bearing metal and bearing shell; (5), 
assembly errors; (6), foreign par- 
ticles. Article is well illustrated with 
normal and microphotographs. 


ALUMINUM CORROSION 


Inhibitors of Corrosion of Alumi- 
num. G. G. ELpReDGE AND R. B. 
Mears, Aluminum Research Labora- 
tories, Ind. & Eng. Chem. 37, 736 
(1945) Aug. 

A review, including new data, of the 
use of inhibitors in controlling the cor- 
rosion of aluminum. Chromates are 
effective in phosphoric acid but not in 
hydrochloric or sulfuric. Nitrogen 
compounds are more effective in hy- 
drochloric than phosphoric acid. Chro- 
mates, silicates and soluble oils are 
effective in water. Water serves as an 
inhibitor in some newly anhydrous or- 
ganic chemicals. Chromates are effec- 
tive in alcohol solutions. 


Influence of Over-aging on Alumi- 
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num Alloys, Iron Age 156, 66 (1945) 
July 19. 


Data are reported on results of tests 
conducted on high strength aluminum 
alloy sheet to determine the effects of 
over-aging on physical and corrosion 
inhibiting properties. The aging tests 
involved heating of specimens for 24 
hours at 250, 375 and 450° F. Test 
specimens from each lot were over- 
aged at 375° F. for 100, 400, 600, and 
1000 hours. Test specimens were cor- 
roded chemically and then subjected 
to the Southwark-Emery testing ma- 
chine. There was little difference be- 
tween the mechanical properties of 
corroded and uncorroded specimens, 
however all specimens aged above 
250° F. were severely affected. 


Further Observations on the Pro- 
tective Influence of Manganese in 
the Corrosion of Aluminum Con- 
taining Magnesium Alloys — Paper 
992. F. A. Fox anp C. J. BusHrop, 
J. of Inst. of Metals, 71, Pt. 5, 255 
(1945) May. 

Alloys containing 8 percent alumi- 
num, 0.5 percent zinc, 0.25 percent 
manganese, balance magnesium, and 
varying iron contents from 0.024 to 
0.001 percent (DTD Spec. 59A) were 
tested in sodium chloride (3 percent) 
solution and in the atmosphere in cast, 
solution-treated and fully heat-treated 
condition. Specimens were small cylin- 
ders machined from ingots. When 
manganese is 0.2 to 0.3 percent, varia- 
tions in iron regardless of structural 
conditions have no appreciable effect 
on results of either atmospheric or 
total immersion tests. Solution-treated 
material corrodes faster than that in 
other conditions when totally im- 
mersed, regardless of iron content, but 
not in the atmosphere. 
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METAL FAILURE 


The Corrosion-Fatigue Properties 
of Some Hard Lead Alloys in Sul- 
furic Acid. D. J. Mack (Univ. of 
Tenn.) Paper in part-fulfillment of 
PhD. requirements, A. S. T. M. 1945, 
Preprint 32, 22 pp. 

Fatigue properties of pure lead, 
tellurium-lead, 1 percent antimonial 
lead and commercial storage battery 
lead were determined on a rotating 
beam machine of the cantilever type at 
1785 rpm. The endurance limits of 
these four materials were determined: 
(a), in air, specimens being coated with 
vaseline; (b), in 38 percent sulfuric 


acid, applied to specimens by dripping ; 
and (c), in air after specimens had 
been previously corroded in sulfuric 
acid while stress free. Endurance lim- 
its obtained in (a) checked many of 


those already reported in the literature, 
all tested at high speed. It was con- 
cluded that the corrosion-fatigue re- 
sistance of these alloys in sulfuric acid 
is a running balance between fatigue 
strength and corrosion resistance. 
There was good correlation between 
the results in (a) and (c) but not in 
(b), showing that if the corrosion 
and cyclic stress occur simultaneously, 
damage is to be expected. The mecha- 
nism of corrosion-fatigue action in 
lead and lead alloys in sulfuric acid 
was examined. It is believed that lead 
sulfate film is opened up over the un- 
derlying grain boundaries by elastic 
deformation of the grains and by the 
tendency of the lead to recrystallize, 
allowing the acid to attack the grain 
boundary creating a notch. 


Theory of Stress-Corrosion Crack- 
ing of Mild Steel in Nitrate Solu- 


tion. J. T. Waser, H. J. Longtin, B., 
Ill. Inst. of Tech., Electrochemical 
Soc., Preprint 32, 87, 439 (1945). 


Stress-corrosion cracking of mild 
steel in nitrate solutions is shown to 
depend on the stress-accelerated age- 
hardening of the steel. A correlation 
between cracking times and extent of 
aging was made, and both the extent 
of aging after a standard treatment 
and the rate of cracking after several 
heat treatments were correlated with 
the free nitrogen factor. A steel can 
be made only relatively more, not com- 
pletely, resistant to stress corrosion 
cracking. It was possible to crack re- 
peatedly supposedly resistant mild 
steels. An experimental procedure was 
evolved to select the test solution and 
design of specimen. Cracking proceeds 
rapidly when steels are loaded to 
stresses slightly less than the yield 
point but greater than a certain thresh- 
hold stress. The acceleration of quench 
aging of mild steel by elastic stresses 
was shown. The age-hardening mecha- 
nism of stress-corrosion cracking was 
partially confirmed. The conditions un- 
der which cracking occurs do not 
differ in principle from those neces- 
sary to produce caustic embrittlement. 
Graphs show change of notch impact 
values, correlation between “free” 
nitrogen and cracking time, change in 
Brinnell hardness number vs. hours 
aging at various temperatures. Speci- 
men design is shown, and data of ex- 
periments are tabulated. 


Report on Stress Corrosion Crack- 
ing of Boiler-Plate Steel. James T. 
Waser, HuGH J. McDoNnaLp AND 
Bruce Lonetin, Ill. Inst. of Tech- 
nology, Welding J., 24, 268s (1945) 
May. 
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Original plan of project was three- 
fold: (1), to develop testing methods 
suitable for producing cracking; (2), 
to study the influence of such vari- 
ables as heat treatment, stress level, 
chemical analysis of the steels, com- 
position and acidity of the corroding 
solution, etc.; and (3), to study the 
mechanism of stress-corrosion crack- 
ing. Project No. 1 has been completed 
and the influence of heat treatment 
and stress level have been investigated. 
Cracking has been found to be inter- 
crystalline. 


Detection of Intercrystalline Cor- 
rosion in Aluminum Alloys. S. E. 
Paviov, Zavod, Lab. 10, 394 (1941), 
Chem. Zentr., 114, 563 (1943) (in 
Russian) J. of the Inst. of Metal and 
Metall. Abs. 12, 113 (1945) April. 


Micro-examination of etched sam- 
ples gives less reliable results in the 
investigation of corrosion attack than 
does that of finely polished samples. 
Micro-examination is suitable for the 
detection of overheating and inter- 
crystalline corrosion in laboratory tests 
and dlso in the field if a microscope 
can be used on the structure. If that 
is not possible, the surface is washed 
with benzine or alcohol, treated for 12 
to 24 hours with a solution of 30 g./ 
litre sddium chloride and 20 c.c./litre 
hydrochloric acid, dried, polished, and 
examined after 2 hours. If inter- 
crystalline cororsion exists, a light 
efflorescense occurs after 10 to 20 min- 
utes; with strong corrosion, blisters 
form later, because the solution pene- 
trates through the grain 
boundaries into the interior. 


corroded 


Cavitation. Frank N. SPELLeR, A. 
S. T. M. Bull. 183, 21 (1945). 

The main damage from cavitation is 
due to the rapid and powerful dynamic 
impacts produced by the sudden col- 
lapse of vapor-filled cavities formed in 
the water as it passes through low- 
pressure sections of the conduit. How- 
ever, corrosion, corrosion fatigue, high 
velocity, and the removal of all pro- 
tective metal surface films appear to 
be important factors. Remedies include 
more favorable setting of the turbines 
or pumps, injection of air into the 
water at the proper points, avoidance 
of rough surface finish and sudden 
changes of curvature, and use of cor- 
rosion-resisting metals such as aus- 
tenitic stainless steel. 


WATER CORROSION 


Fundamental Principles. U. R. 
Evans, Cambridge University, Eng- 
land, Ind. & Eng. Chem. 37, 703 
(1945) Aug. 

The general factors involved in the 
processes of inhibiting corrosion are 
discussed. Inhibitors are classified and 
discussed as anodic and cathodic; an- 
odic inhibitors being those which 
build up protection by stifling the an- 
odic reaction and cathodic those which 
stifle the cathodic reactions. Anodic 
inhibitors are more efficient than ca- 
thodic inhibitors although many of 
them may produce an increase in 
pitting which may be very serious un- 
less the treatment is adequately con- 
trolled. Evans discusses safe and 
dangerous inhibition systems. This 
paper is discussed by D. S. McKinney 
and J. C. Warner, Carnegie Inst. of 
Technology, and by W. H. J. Vernon 
and F. Wormwell, Dept. of Scientific 
and Industrial Research, Teddington, 
England. 





Geographical Roster, Membership of N. A. C. E. 


ALABAMA 


BIRMINGHAM 
MacKenzie, James T. 
American Cast Iron 
Pipe Co. 
P. O. Box 2603 
Neill, James P. 
Southern Nat’l Gas Co. 
Box 2563 
Parker, Walter A. 
Southern Nat'l Gas Co. 
Watts Bidg. 


ARKANSAS 


EL DORADO 
Rogerson, J. B. 
Lion Oil Refining Co. 
Exchange Bldg. 


CALIFORNIA 
AZUSA 
Stromsoe, Douglas A. 
Southern Pipe & Casing 
Box C, 
BAKERSFIELD 
Smith, Clair J. 
Western Gulf Oil Co. 
Pr. 0. Box 471. 
BELL 
Schilling, W. M. 


Southern Counties Gas Co. 


4818 Beck Ave. 
CULVER CITY 
Ruppenthal, H. F. 
3857 Huron St. 
EMERYVILLE 
Brady, Merritt H. 
4245 Hollis St. 
Dean, Roy C. 


Pacific Gas & Electroc Co. 


4245’ Hollis St. 
Finley, Dozier 
The Paraffine Cos., Ine. 
1550 Powell St. 
Schneider, Wm. R. 


Pacific Gas & Electric Co. 


4245 Hollis St. 
Wachter, Aaron 
Shell Development Co. 
4560 Horton St. 
HERMOSA BEACH 
Phillians, T. F. 
40-21st St. 
INGLEWOOD 
Gregory, Charles N. 
1126 Firmond. 
LONG BEACH 
Kartinen, Ernest 0. 
5346 East Broadway. 
LOS ANGELES 
Bechtold, Ira €, 
The Fluor Corp., Ltd. 
2500 S. Atlantic Blvd. 
Cates, Walter H. 
Western Pipe & Steel Co. 
of Calif. 
5717 Santa Fe Ave. 
Corfield, Guy 
Southern California Gas 
Co. 


Box 3249, Terminal Annex. 


Dietze, Irwin Charles 
Dept. of Water & Power, 
City of Los Angeles 
207 South Broadway. 
Doolittle, Fred B. 
Southern California 
Edison Co., Ltd. 
Box 351. 


Hall, Elwin B. 
E. B. Hall & Co. 
523 West Sixth St. 
Hiskey, D. R. 
Dearborn Chemical Co. 
807 Mateo St. 
Keeling, Harry J. 
Southern Counties Gas Co. 
of Calif. 
810 South Flower St. 
O'Leary, F. J. 
Barrett Division, 
Allied Chemical & Dye 
Corp. 
5225 Wilshire Blvd. 
Senatoroff, N. K. 
Southern Counties Gas Co. 
of Calif. 
810 South Flower St. 
Stauffacher, E. R. 
Southern Calif. Edison 
Co., Ltd. 
Steele, Edward N. 
Baroid Sales Div. 
National Lead Co. 
830 Ducommon St. 
Vail, Harold P. 
Metropolitan Water Dist. 
of S. Calif. 
306 West 3rd St. 
Young, Garth L. 
Signal Oil & Gas Co. 
811 West 7th St. 
MARE ISLAND 
Saunders, Captain E. E. 
Qtrs. S, Navy Yard. 


MORRO BAY 
Lawrence, William Harris 
Valley Pipe Line Co. 
P.O. Bex 317. 
NORTH HOLLYWOOD 
Jones, David T. 
4364 Farmdale Ave. 
OAKLAND 
Knapp, Harold 
Electrical Facilities, Inc. 
4224 Holden St. 
PASADENA 
Pomeroy, Richard 
Montgomery & Pomeroy 
Room 639, Parkway Bldg. 
117 East Colorado. 
RICHMOND 
Putnam, Joseph F. 
California Research Corp. 
SAN DIEGO 
Goldkamp, Chris A. 


San Diego Gas & Electric 


Co. 

Electric Bldg. 
Rogness, E. C. 

Room 270, 

Civic Center Bldg. 

SAN FRANCISCO 

Beutel, Phillip R. 

Dow Chemical Co. 

310 Sansome St. 
Buck, Charles M. 

-acific Gas & Electric Co. 

245 Market St. 
Farwell, Milo 8S, 

Bethlehem Steel Co. 

20th and Illinois Sts. 
Howell, R. P. 


Standard Oil Co. of Calif. 


225 Bush St. 
SAN GABRIEL 
Jessen, Oliver C. 
233 Alabama St. 
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SOUTH GATE 
Munger, Charles G. 
American Pipe & Const. 
Co. 
4635 Firestone Blvd. 
TRACY 
Davie, Frank E. 
Shell Oil Co., Inc. 
Box 329. 
WILMINGTON 
Michaud, M. L. 
Union Oil Co. of Calif. 
Los Angeles Refinery. 


COLORADO 


COLORADO SPRINGS 

Abbott, Charles B. 

Colorado Interstate Gas 
Box 1087. 

McClintock, Robt. D. 
Colorado Interstate Gas Co, 
Box 1087. 

DENVER 

Akins, Stuart W. 

Board of Water Commis- 
sioners, City & Co. Bldg. 

Chadwick, H. M. 

California Corrugated 
Culvert Co. 
Box 2170. 

Garrett, G. H. 

Thompson Pipe & Steel Co. 
Box 2369. 

Miller, Donald J. 

Public Service Co. of Colo. 
900-15th St. 

Young, Charles A. D. 

U. S. Bureau of Reclama- 
tion, Custom House. 


CONNECTICUT 
WATERBURY 
Mitchell, N. W. 
Chase Brass & Copper Co. 
236 Grand St. 
Tracy, Arthur W. 
The American Brass Co. 
DELAWARE 
WILMINGTON 
Maxwell, H. L. 
E. I. du Pont de Nemours 
& Co. 


DISTRICT OF COLUMBIA 


WASHINGTON 
Farrar, Walter B. 
Office of Chief of Engi- 
neers 
Room 6006, New War Det. 
Bldg. 
2ist and Virginia. 
Leas, A. Robert 
Bureau of Yards & Docks, 
Navy Dept. 
Logan, Kirk H. 
National Bureau of 
Standards. 
Shepard, E. R. 
Office of Chief of Engi- 
neers, War Dept. 
5425 Connecticut Ave, 


FLORIDA 
MIAMI 


Denoon, E. M. 
South Florida Test Service 
Box 387. 
MIAMI BEACH 
Thomas, H. P. 
Peoples Water & Gas Co. 
1250-20th St. 
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The Dow Chemical Company, pioneer producer of 
magnesium in America, has conducted a continuing 
research program on the broad field of expanding the 
usefulness of magnesium. The extensive range of Dow 
research includes years of laboratory work and field 
tests to prove the value of magnesium as an anode 
for the cathodic protection of underground steel 
structures. Dow’s efforts should prove useful in 
solving one of the greatest problems confronting 


industry today—corrosion. 


MAGNESIUM DIVISION, THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 


New York ¢ Beston ¢ Philadelphia « Washingion ¢ Cleveland « Detroit ¢ Chicago ¢ St. Louis 
Heusten ¢ San Francisco ¢ Los Angeles ¢ Seattle © Tulsa, Okla. 
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GEORGIA 


ATLANTA 
Ayers, E. B. 
Plantation Pipe Line Co. 
P. O. Box 1743. 
Boyd, P. B. 
Georgia Power Co. 
P. O. Box 1719. 
Cauthen, H, W. 
Georgia Power Co. 
127 Butler St., S. E. 
Hereford, Arthur J. 
International Engineering 
Co. 
1001 Gleen Bldg. 
Nelson, Alan C, 
Plantation Pipe Line Co. 
Pr. ©. Box 1743. 


BREMEN 
Parker, Ivy M. 
Plantation Pipe Line Co. 


IDAHO 


BOISE 
Waterman, Howard E, 
Idaho Power Co. 
Box 770. 


ILLINOIS 


BELLWOOD 
Bennan, James M. 
Jefferson Electric Co. 


25th Avenue and Madison, 


Stuart, J. B. 
Jefferson Electric Co, 


25th Avenue and Madison. 


CHICAGO 
Abbey, Oscar A, 
Standard Oil Co. of 
Indiana 
910 S. Michigan Ave. 
Alk, Lewis C. 
James B. Clow & Sons 
P. O. Box 6600A. 
Bialosky, Jerome M. 
Armour Research 
Foundation 
35 West 33rd St. 
Burlingame, M. V. 
Natural Gas Pipeline Co, 
20 Noth Wacker Drive. 
Farkas, Martin Donald 


The Sherwin Williams Co, 


115th and Cottage Grove 
Ave. 
Fischer, F. W. 
Lithgow Corporation 
333 West 40th Place. 
Goldsby, Fred L. 
South Bell Ave. 
» Lyman F, 


Commonwealth Edison Co, 
Room 840, 72 W. Adam St, 


Haering, Vera W. 


D. W. Haering & Co., Ine, 


205 West Wacker Drive. 
Hart, Morris B. 

Room 502, 

215 West Washington, 
Holcombe, Tom L. 

Dearborn Chemical Co. 

310 South Michigan Ave. 
Johnston, C. G. 

Presstite Engineering Co. 

612 North Michigan Ave. 
Lieber, Eugene 

Nox-Rust Corporation 

2429 South Halsted St. 
MacDonald, Frank P. 

Electro Rust-Proofing 

Corp. 
107 South Dearborn St. 


MecGrue, W. M. 

Atlas Lumnite Cement Co. 

10231 South Prospect Ave. 
Morse, Arley Edwin 

The Dow Chemical Co. 

135 South LaSalle. 
Ranta, Leo G. 

Chicago District P. L. Co. 

122 South Michigan Ave. 
Roberts, Robert G. 

The Barrett Div. Allied 

Chemical & Dye Corp. 

1400 Lake Shore Drive. 
Routson, L. B. 

Western Union Telegraph 

Co. 

427 South LaSalle St. 
Sanders, P. V. 

D. W. Haering & Co., Inc, 

204 West Wacker Drive. 
Smith, Carl B. 

Dearborn Chemical Co. 

310 South Michigan Ave. 
Stark, Randolph R. 

1622 Sherwin Ave. 
Starman, George H. 

Apex Smelting Co. 

2537 West Taylor St. 
Strotham, E. P. 

A. O. Smith Corporation 

310 South Michigan Ave. 

Room 814. 
VandeBogart, L. G. 

Crane Company 

836 South Michigan Ave. 

EVANSTON 

Bohne, A. W. 

The Tapecoat Co. 

LOCKPORT 

Nealy, Vincent Lee 

Coronola Apartments 

831 State St. 


McCOMB 
Kettron, Henry P. 
Illinois Elec. Porcelain Co, 
510 Pearl St. 
MAYWOOD 
Weaver, H. E. 
Public Service Co. 
of Northern Illinois 
1319 South Ist Ave. 
OAK PARK 
Jensen, O. L. 
Public Service Co. 
of Northern Illinois 
1001 South Taylor Ave. 
Nichols, Laurie E. 
Public Service Co. 
of Northern Illinois 
1001 South Taylor Ave. 
PEORIA 
Blaine, Russel K. 
Hiram Walker & Sons, Inc, 
Foot of Edmund St. 


INDIANA 


HAMMOND 
Leeds, Donnelly A. 
Northern Ind. Public 
Service 
5265 Homan Ave. 
INDIANAPOLIS 
Honecker, Walter ©, 
Indiana Bell Telephone Co, 
240 North Meridian, 
RICHMOND 
Duncan, R. W. 
The Crosley Corp. 
ZIONSVILLE 
Berringer, John C. 
Panhandle-Eastern Pipe 
Line Co. 
Box 231. 


Johnson, J. F., Jr. 
Shell Oil Co., inc, 
Drawer A, 


IOWA 


DAVENPORT 
Smith, Olin K. 
United Light & Power 
Service Co. 
United Light Bldg. 
SIOUX CITY 
Mitchell, E. B. 
485-B-Gp. 


KANSAS 


ABILENE 
Murray, W. J. 
Central Gas Utilities Co, 
304 North Cedar, 
AUGUSTA 
Bedell, H. L. 
Socony-Vacuum Oil Co., 
Inc. 
White Eagle Division. 
BURRTON 
Pettijohn, Dale S. 
Panhandle-Eastern 
Pipe Line Co. 
R. R. W. 
McPHERSON 
Roberts, Louis E. 
National Cooperative 
Refinery Assn, 
P. ©. Box 770. 


NEODESHA 
Gear, Harry C. 
Midwest Engineering & 
Tool Co. 
823 Main St. 
PITTSBURG 
Flournoy, R. W. 
The Military Chemical 
Works, Inc. 
P. O. Box 604. 
Heckert, L. C. 
The Military Chemical 
Works, Inc. 
P. O. Box 604. 


WICHITA 

Begole, Edgar Ray 
Socony-Vacuum Oil Co. 
First National Bank Bldg. 

Corey, Bruce L. 
Socony-Vacuum Oil Co. 
Box 1882. 

Dickinson, L. R. 
Socony-Vacuum Oil Co. 

White Eagle Pipe Line 
Div. 
917-1st Nat'l Bank Bldg. 

Johansen, Irving H. 
Socony-Vacuum Oil Co. 
Box 1882. 

Rupf, J. Albert 
Socony-Vacuum Oil Co, 
Box 1882. 

Stephens, E. H. 
Westinghouse Electric & 

Mfg. Co. 
233 South St. Francis. 

Sutter, Carl H. 

Kansas Gas & Electric Co. 
P. O. Box 208. 


KENTUCKY 


LOUISVILLE 
Coffinberry, Arthur 8S. 
Tube Turns, Inc. 

224 East Broadway. 
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-pIPE COATING AND Ee Nic 
SPECIFICATIONS 


To simplify ordering pipe coating and 

wrapping, Pipe Line Service Corporation offers you the 
easiest specifications you could ask for. You indicate either 
"Specification A” or “Specification B” together with the 
coating material desired and PLS does the rest. When you 
consider that you can get any type of protection you want, 
it's just good business to let Pine Line Service assume the 
complete responsibility for the finished job. 


a SORES See AL Te 


MATERIALS AVAILABLE 
eh ied 3 


SPECIFICATIONS 


INCLUDES Asphalts 
(1) Mechanical cleaning. ll 
*(2) Mechanical priming with desired primer. Tec MMU LN Aco) melt 
(3) Hot application of desired coating. } 4 
(4) Hot application of desired coating. 5 Barrett Pipe Line:Enamel 
(5) One spiral wrapping of desired wrapping material. BBsteseqcii@en i het avdele 4) 
(6) One spiral wrapping of heary kraft paper. Enamel 


Bitumastic Regular, 
Enamel 3 


Bitumastic 70-B Enamel 
Bitumastic XXH Enamel 
Ennjay Enamel 
*No-Ox-Id 


Reilly Filled Pitch 


Enamel ; 
Mechanical priming with desired primer. A 
Hot application of desired coating. Reilly No. 230:Enamel 
Hot application of desired coating. 
One spiral wrapping of desired 
wrapping material. *Primer not required with 
Hot application of desired coating. No-Ox:Id coatings. 


One spiral wrapping of heavy kraft paper. 


ald ee Se ee 


Pioneers in Steel Pipe Protection 


General Office and Plant — FRANKLIN PARK, ILL. 
Plants at: GLENWILLARD, PA. @ LONGVIEW, TEX. © CORPUS CHRISTI, TEX. 





36 CORROSION— 


LOUISIANA 


BATON ROUGE 
O’Brien, Paul 8S. 


Socony Paint Products Co. 


Apt. 7, 630 Laurel St. 
COTTON VALLEY 
McGuire, T. W. 
Cotton Valley Oprs. 
Committee 
Box 1008. 
FERRIDAY 
Sheppard, Lyle R. 
Interstate Nat'l Gas Co. 
Box 137. 


HARVEY 
Green, 8S. T. 
Hake Galvanizing Works 
Box 372 
HOUMA 
Campbell, John G. 
501 East Park Ave. 
LAKE CHARLES 
Hargroder, A. D. 
Mathieson Alkali Works. 
Schofer, Nathan 
Cities Service Ref. Corp. 
Tutweiler Refinery. 
MONROE 
Roddey, Otha C. 
Interstate Nat'l Gas Co, 
Box 1482. 


NEW ORLEANS 
Gaidry, H. L. 
New Orleans Public 
Service, Inc. 
317 Baronne St. 
Kuhn, Robert J. 
904 Pere Marquette 
Rhodes, G. L. 
New Orleans Public 
Service Co. 
317 Baronne St. 
Trouard, Sidney E. 
New Orleans Public 
Service Co. 
317 Baronne St. 
PORT SULPHUR 
Monroe, J. E., Jr. 
Freeport Sulphur Co. 
SHREVEPORT 
Arthur, H. M. 


Atlas Oil & Refining Corp. 


Box 1 oe 
Beezley, 


United "alee Pipe Line Co. 


Box 1407. 

Broome, W. A. 
Arkansas-Louisiana 

Gas Co. 

Cornett, W. J. 
United Gas Pipe Line 
Box 1407. 

Griffin, H. T. 
United Gas Pipe Line 
1515 Fairfield Ave. 

Griggs, Henry P. 
United Gas Pipe Line 
Box 1407. 

Kendrick, J. L. 
United Gas Pipe Line 
Box 1407. 

Leveret, Wm. F 
United Gas Pipe Line 
Box 1047. 

McDonald, T. B. 


United Gas Pipe Line Co, 


Box 1407. 

Olson, G. R. 
United Gas Pipe Line Co, 
Box 1407. 

Spinks, Lee N. 


United Gas Pipe Line Co. 


2037 Elizabeth St. 
Stanton, W. L. 
Arkansas-Louisiana Gas 
Co. 
1019 Slattery Bldg. 


Stearns, D. E. 
D,. E. Stearns Co. 
Box 1407. 
Sullivan, E. H. 


United Gas Pipe Line Co. 


Box 1407. 


SULPHUR 
Clarke, F. Tackett 
Union Sulphur Co., Inc. 


MARYLAND 


BALTIMORE 
Allen, J. E. 
Penn. 
1611 Lexington Bldg. 

Powell, Sheppard T, 
330 North Charles St. 


MASSACHUSETTS 


BOSTON 
Avila, Charles F. 
Boston Edison Co. 
39 Boylston. 
Sherwood, William C, 
Hersey Mfg. Co. 
E and Second Sts. 
Tsunoda, Kenneth 
Artisan Metal Products, 
Inc, 
211 Congress St. 
WALTHAM 
Karraker, Ed L. 
Shell Oil Co., Inc. 
P. O. Box 181. 
WATERTOWN 
Jacobson, Murray 
Watertown Arsenal. 


MICHIGAN 


DETROIT 
Fraser, William R. 
Michigan Consolidated 
Gas Co, 
415 Clifford. 
Hamilton, A. C. 


The National Smelting Co. 


412 Curtis Bldg. 
Sanderson, Wiley D. 
The Detroit Edison Co, 
2000-2nd Ave. 
Walker, Harry S. 
The Detroit Edison Co. 
200-2nd Ave. 
Wallace, Wm. M. 
Dept. of Water Supply, 
City of Detroit 
Water Works Park. 


JACKSON 
O’Brien, Thos. W. 
Consumers Power Co. 
212 Michigan Ave. 


MIDLAND 
Colburn, Lyle W. 
Dow Chemical Co. 
Grebe, John J. 
Dow Chemical Co. 
Robinson, Harold A, 
Dow Chemical Co. 
Physical Research Lab. 
Smith, Arthur, Jr. 
Dow Chemical Co, 
Cathodic Protection 
Sales Dept. 


MINNESOTA 
MINNEAPOLIS 
Jacobs, M. L. 
Jacobs Wind Elec. Co. 


2111 Washington Ave., N. 


Mann, Charles A. 
Dept. Chem, Engineering 
University of Minnesota. 


Water & Power Co. 
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MISSISSIPPI 


JACKSON 
Burdsal, A. J. 
Southern Bell Tel. & 
Tel. Co. 
Box 811. 
BROOKHAVEN 
Ringer, Francis 
Interstate Oil Pipe Line 


Co. 
Box 293. 


MISSOURI 


KANSAS CITY 
Curry, C. E. 
Sohio Petroleum Co, 
Box D-15. 
Hieronymus, T. G. 
Kansas City Power & 
Light Co. 
Box 679. 
McEthatton, Francis J. 
Panhandle-Eastern 
Pipe Line Co. 
1221 Baltimore Ave. 
Pyott, William T. 
Great Lakes Pipe Line Co, 
Box 2239. 


ST. LOUIS 


Dodd, Geo. D, 
Laclede Gas Light Co. 
3950 Forest Park Ave. 
Lowther, G. B. 
Miss, River Fuel Corp. 
407 North 8th. 
Mange, Clarence E, 
Cc. E. Mange Development 
Lab. 
4425 Geraldine Avenue. 
Rasmussen, V. L. 
The Laclede Gas Light Co. 
3950 Forest Park Avenue. 
Rice, E. L. 
Titanium Division of 
National Lead Co. 
Carondelet Station. 
Richards, Walter C. 
A. Leschen & Sons Rope Co, 
5909 Kennerly Avenue. 
SEDALIA 
Richardson, L. W. 
City Light & Traction Co. 
400 South Ohio. 
SPRINGFIELD 
Dyer, W. 8S. 
Ajax Pipe Line Corp. 
Box 1248. 
UNIVERSITY CITY 
Dolson, Frank E., Jr. 
St. Louis County Water Co, 
6600 Delmar Blvd. 


MONTANA 
BUTTE 


Davis, Carl R. 
Montana Power Co. 
40 East Broadway. 


NEBRASKA 


BEATRICE 
Krueger, Jess J. 
Northern Natural Gas Co. 
1708 Grant Street. 


HASTINGS 
Hill, Leonard C. 
Kansas Nebr. Natural 
Gas Co., Inc. 
612 North Lexington St. 
OMAHA 
Klever, Charles F. 
Metropolitan Utilities Dist. 
18th & Harney Streets. 
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for most effective 
Corrosion Prevention 


BRANCE-KRACHY RECTIFIERS 


Due to their dependability and low operating cost, rectifiers are widely accepted 
as the most desirable source of D. C. for cathodic protection. In offering three 
types of rectifiers . . . Oil Immersed; Fan Cooled; Self Cooled . . . we are pre- 
pared to provide the type best suited to the needs of the job. 

The Oil Immersed rectifier has the entire unit submerged in transformer 
type oil and with all electrical parts completely enclosed, it can operate in 
corrosive, dusty, or humid atmospheres prevalent near refineries, plowed fields 
or salt water. 

The Self Cooled rectifier is enclosed in a steel housing suitable for platform 
or hanger mountings, with natural draft through reinforced screens at top and 
bottom. 

The Fan Cooled unit is similar to the self-cooled except that draft is provided 
by the fan. 

Complete specifications, sizes and prices available on request. 


Brance-Kracuy Co., Inc. 


4411 Navigation Bivd. 
HOUSTON TEXAS 
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NEW JERSEY 


BARBER 
Barton, Gerald B. 
American Smelting & 
Refining Co. 
BAYONNE 
Klinger, O. C, 
Oildoom Publishing Co. 
1217 Hudson Blvd. 
DEMAREST 
Bagnell, William E. 
Ebasco Services, Inc, 
GRASSELLI 
Thiede, Richard C. 
General Aniline Works. 
HARRISON 
Allen, Russell J. 
Worthington Pump & 
Machine Co. 
MAPLEWOOD 
Howell, John C, 
Public Service Electric & 
Gas Co. 
200 Boyden Avenue, 
Pearson, E. T. 


Public Service Testing Lab. 


200 Boyden Avenue, 
NEWARK 
Bonner, W. F. 
Federal Telephone & 
tadio Corp. 
P. O. Box 690. 
Brookes, A. Sidney 
Public Service Electric & 
Gas Co, 
80 Park Place 
Hutton, Harold 8, 


’ 


Wallace & Tiernan Co., Ine, 


Box 178. 
PASSAIC 
Everst, Guy N. 
Okonite Co. 
PATERSON 
Bennett, Charles E. 
The Okonite Callender 
Cable Co., Inc. 
730-21st Avenue. 
PHILLIPSBURG 
Cann, Kenneth R. 
Ingersoll-Rand Co. 
Crobaugh, Albert O. 
Ingersoll-Rand Co. 
Godshall, J. Byron 
Ingersoll-Rand Co. 
RED BANK 
Mereer, C. L. 
Signal Corps Standard 
Agency 
12 Broad Street. 
TRENTON 
Alexander, Robert O. 
Thiokol Corp. 
780 N. Clinton Avenue. 
WESTFIELD 
Stromquist, Russell C. 
Wailes Dove-Hermiston 
Corp. 
Box 390. 
Thornhill, W. H. T. 
Wailes Dove-Hermiston 
Corp. 
Box 390. 


NEW MEXICO 


ALBUQUERQUE 
Gilpin, Wm. V. 
Albuquerque Gas & Elec. 
Co. 
P. O. Box 1360. 
Peacore, O. B. 
Southern Union Gas Co. 
Box 1692. 
CARLSBAD 
Holt, James B. 
International Minerals & 
Chemical Corp. 


NEW YORK 


BROOKLYN 
Goldsmith, C. 8. 
Brooklyn Union Gas Co. 
176 Remsen Street. 
Kleinheksel, Stanley 
Socony-Vacuum Oil Co. 
Technical Service Lab. 
412 Greenpoint Avenue, 
Zahn, H. E. 
National Lead Co. 
Research Laboratory, 
105 York Street. 
BUFFALO 
Nicholson, C. T. 
Buffalo Niagara Electric 
Corp. 
Office Library, 
Electric Building. 
Smith, Loren W. 
C-W Corporation 
Airplane Div. Research 
Laboratory, 
Genesee St., Plant Five. 
NEW YORK 
Andrew, Harold O. 
Robbins Publishing Co. 
9 East 38th Street. 
Atkins, T. W. 
The Magnesium Association 
30 Rockefeller Plaza. 
Baldwin, L, A. 
Johns-Manville Sales Corp. 
22 East 40th Street. 
Blenheim, Donald E. 
American Telephone & 
Telegraph Co. 
140 West Street. 
Campbell, A. B. 
Hughes Brothers 
2 Rector Street. 
Carrick, Leo Lehr 
Lead Industries Association 
420 Lexington Avenue, 
Cobb, Stephen P. 
Ebasco Services, Inc. 
2 Rector Street. 
Crane, Benjamin G, 
Ethyl Corporation 
405 Lexington Avenue. 
Dewey, Wm. S. 
New York Telephone Co, 
Room 1381, 140 West St. 
Donovan, Lewis B. 
Consolidated Edison Co, 
4 Irving Place. 
Elmes, Cecil F. 
Cecil F. Elmes 
Organization 
Chrysler Bldg. 
Faires, Carl D. 
Shell Oil Co., Inc, 
50 West 50th Street. 
Febrey, H. H. 
American Steel & Wire Co. 
71 Broadway. 
Gorman, Lawrence J. 
Consolidated Edison Co, 
or N. %., ane. 
4 Irving Place. 
Graham, 8S. B. 
American Tel & Tel. Co, 
195 Broadway. 
Jordan, Harry E. 
American Water Works 
Association 
500 Fifth Avenue, 
LaQue, F. L, 
International Nickel Co., 
Inc. 
67 Wall Street. 
McComb, Geo. B. 
Barrett Div. Allied Chem, 
& Dye Corp. 
40 Rector Street. 


McGinnis, Orris 
Western Union Tel. Co. 
60 Hudson Street. 


Maitland, T. J. 

American Tel. & Tel. Co. 
32 Sixth Avenue. 

Meyerherm, Chas. F. 
Albert F. Ganz, Inc. 

511 Fifth Avenue. 

Miller, M. C. 

Ebasco Services, Inc. 
2 Rector Street. 

Morse, Robert E. 

American Gas & Elec. 
Service Corp. 
30 Church Street, 

Morton, Byron B. 
International Nickel Co. 
67 Wall Street, 

Noppel, E. P. 

Ebasco Services, Inc, 
2 Rector Street. 

Perry, Clifford B. 
Westinghouse Electric 
International Co. 

40 Wall Street. 

Pope, Robert 

Bell Telephone 
Laboratories 
463 West Street. 

Roberts, R. G. 

Barrett Div. Allied Chem. 
& Dye Corp. 
40 Rector Street, 

Schmidt, Eugene 
The Dorr Company 
570 Lexington Ayenue. 

Shaw, George E. 

Oliver United FiJters, Inc. 
33 West 42nd Street. 

Shuldener, Henry L. 

Water Service Laboratories 
423 West 126th Street. 

Standring, J. M., Jr, 
American Tel. & Tel. Co. 
195 Broadway. 

Thalman, E. H. 

Ebasco Services, Ine, 
2 Rector Street. 

Thwaits, E. H. 

American Iron & Steel Co. 
350 Fifth Avenue, 

Van Houten, Leslie P. 
American Tel. & Tel, Co. 
Room 655, 140 West St. 

Wahlquist, Hugo W. 
Ebasco Services, Inc, 

2 Rector Street. 

Walczak, M. R. 

Barrett Div. Allied Chem, 
& Dye Corp. 
40 Rector Street. 


NIAGARA FALLS 


Shields, James E. 
Alox Corporation 
3943 Buffalo Avenue. 


OHIO 


AKRON 
Siddall, D. F. 
The United States 
Stoneware Co, 
Box 350. 
CINCINNATI 
Horne, Albert N. 
War Emergency Pipelines, 
Ine, 
Box 1638. 
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“Putting Permanence in Pipe”’ 


MAYES BROTHER 


ING. 


PIPE CLEANING, COATING AND WRAPPING 
Any Coating and Wrapping Specification 
HOUSTON, TEXAS 


Complete Re-conditioning Service For Old Pipe 
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Knapp, Frederick F. 
6508 Montgomery Rd. 
Lynch, Robert H. 
War Emergency Pipelines, 
Inc, 
P. O. Box 1638. 
Malcom, V. 
The Philip Carey Mfg. Co. 
Anthony Wayne Avenue, 
Lockland. 
CLEVELAND 
Bowen, Milton M. 
Hill-Hubbell Div., General 
Paint Corp. 
3091 Mayfield Road. 
Martin, Wayne E. 
National Smelting 
6700 Grant Avenue. 
Motock, George T, 
P. O. Box 305, Sta. D. 
Whitacre, Charles H. < 
The Standard Oil Co, of 
Ohio 
1067 Midland Bldg. 
COLUMBUS 
Hoover, Charles P. 
928 Dublin Road. 
Riddle, H. S. ; 
Columbia Engineering 
Corp. 
99 N. Front, 


DAYTON 
Stephenson, R. B. 
Dayton Power & Light 
25 North Main Street. 
Sudrabin, Leon P, 
Electro Rust-Proofing 
Corp. 
1026 Wayne Avenue, 
MIDDLETOWN 
Barnard, Russell E. 
American Rolling Mill 
703 Curtis Street. 
Beam, Russell C. 
American Rolling Mill 
703 Curtis Street. 
Thomas, Arba H. 
American Rolling Mill 
703 Curtis Street. 
TOLEDO 
Peek, S. M. 
Owens-Corning Fiberglas 
Corp. 
Nicholas Bldg. 
YOUNGSTOWN 
Morain, Jack F. 
853 W. Indianola Avenue. 
Russell, David A. 
Youngstown Sheet & 
Tube Co. 
Campbell Works. 


OKLAHOMA 


BARTLESVILLE 
Buff, B. F. 
National Zine Co., Inc. 
Holmberg, M. E. 
Phillips Petroleum Co. 
Huddleston, Wm. E. 
Cities Service Gas Co. 
Hugo, L. A. 
Phillips Petroleum Co, 
Kelly, Thomas F. P. 
Industrial Eng. Co. 
P. O, Box 69. 
Kindsvater, E. F. 
Phillips Petroleum Co. 


CUSHING 
Nelson, Loyd B, 
Shell Pipe Line Corp. 
701 S. Cleveland. 
OKLAHOMA CITY 
Carmichael, Miles 
P. O. Box 3737 


Haltom, J. Myrl 
Dearborn Chemical Co. 
Route 2, Box 125. 
Kopp, C. H. 
Peppers Ref. Co. 
SE 12th & High Sts, 
Wallace, William P, 
Kobe, Inc. 
230 S. E. 29th. 
PONCA CITY 
Secrest, Leslie C, 
Continental Pipe Line Co. 


Secrest, William F, 
Continental Pipe Line Co. 
TULSA 
Aude, T. R. 
Stanolind Pipe Line Co. 
Box 591. 
Burkhard, D. G. 
The Carter Oil Co. 
National Bank of Tulsa 
Bldg., Box 801. 
Crowe, Raymond H. 
Stanolind Pipe Line Co, 
Box 591. 
Davis, P. F, 
The Texas Pipe Line Co. 
P. O. Box 2420. 
Guinn, C. F. 
Tide Water Associated 
Oil Co. 
Box 731. 
James, H. H. 
E. I. du Pont de Nemours 
& Co. 
805 South Boston, 
Kaster, J. W. 
Okla. Nat’l Gas Co. 
624 S. Boston Avenue. 
Keithley, Kenneth E, 
Texas-Empire Pipe Line 
Co. 
P. O. Box 2420. 
Liggett, Ernest J. 


Johns-Manville Sales Corp. 


1701 East 7th Street. 
Norbert, H. A, 

Nelson Elec. Mfg. Co, 

217 North Detroit. 
Perrault, Lewis 

Perrault Brothers 

1130 North Boston Ave. 
Ringer, Francis 

Interstate Oil Pipe Line 


0. 
Box 801. 
Stirling, J. C. 
Stanolind Pipe Line Co, 
Box 591. 
Titterington, Y. W. 
Dowell, Inc. 
529 Kennedy Bldg. 
Trundle, W. B. 
Perrault Bros. 
1130 North Boston Ave. 
Whiteley, Burton 
Gulf Oil Corporation 
Drawer 661, 


PENNSYLVANIA 
BETHLEHEM 
Tice, E. Allen 
Bethlehem Steel Co. 
BRACKENRIDGE 
Kiefer, George C. 
Allegheny Ludlum Steel 
Corp. 
COATESVILLE 
Conway, Martin T. 
Lukens Steel Co. 
Gosnell, Everett C. 
Lukens Steel Co, 


CLAIRTON 
Brockschmidt, C. L. 
410 Mitchell Avenue, 
DREXEL HILL 
Fox, R. W. 
935 Drexel Avenue. 
EDGEWORTH 
Tator, Kenneth 
Industrial Lining Engrs., 
Ine. 
GLENWILLARD 
Coe, Russell H. 
Pipe Line Service Corp 


HOLTWOOD 
Sherer, Clayton M. 
Pennsylvania Water & 
Power Co. 
McKEESPORT 
Couy, €. J. 
Duquesne Light Co. 
139 Atlantic Avenue. 
MARCUS HOOK 
Bagsar, A. B. 
Sun Oil Company. 
MOYLAN 
Richard, Charles S, 
Rose Valley Road. 
NEW KENSINGTON 
Brown, Robert H, 
Aluminum Co. of America 
Aluminum Research Lab. 
Freeport Road, 
P, O. Box 772, 


Mears, Robert B. 
Development Div., Alumi- 
num Co. of America 
P. O. Box 1012. 


PHILADELPHIA 
Curll, Vincent A, 
Pennsylvania Salt Mfg. Co. 
1000 Widener Bldg. 


Donnelly, Joseph B, 
Dept. of City Transit, 
City of Philadelphia 
1320 City Annex Hall. 


Gardiner, J. W., Jr. 
Jno, T. Lewis & Bros, Co, 
910 Widener Bldg. 
Hadley, Raymond F, 
Susquehanna Pipe Line Co, 
1608 Walnut Street. 
Kahler, H. Lewis 
W. H. & L. D. Betz 
Gillingham & Worth Sts. 
Nelson, H. Lloyd 
United States Pipe and 
Foundry Co. 
1624 Lincoln Liberty Bldg. 
Pearson, John M. 
Susquehanna Pipe Line Co. 
1608 Walnut Street. 


Smith, A. V. 
1617 Pennsylvania Blvd, 
Sosnin, Herschel A. 
Stanley G. Flagg & Co., 
Inc. 
1421 Chestnut. 
PITTSBURGH 
Braun, F. C, 
Gulf Oil Corporation 
Gulf Building. 
Ghen, Melville W. 
Duquesne Light Co. 
435 Sixth Avenue. 
Kendall, Verner V. 
National Tube Co. 
Box 266. 
Kennedy, Harvey T. 
Gulf Research & Develop- 
ment Co. 
Drawer 2038. 
Peifer, Norman P, 
Manufacturers Light and 
Heat Co. 
800 Union Trust Bldg. 
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CONQUER CORROSION 


with these products, designed to aid you in your war against its destructive 
effects, We offer you complete corrosion protection for all kinds of above 
and below ground piping and every type of industrial structure. 


“BITUMASTIC” HOT APPLIED PIPE LINE COATING 
“BITUMASTIC”’ COLD APPLIED COATING AND PAINTS 
“PHILIP CAREY” ASBESTOS PIPE LINE FELT 
CATHODIC PROTECTION UNITS—HOLIDAY DETECTORS 


erica Texas-Louisiana Agent and Distributor for Wailes Dove-Hermiston 
— Corp. — Philip Carey Mfg. Co. — Angier Corp. 


JAMES E.MAVOR 


506 M & M Building * Telephone Charter 4-5265 
HOUSTON 2, TEXAS 


ACIPCO PIPE RESISTS CORROSION 


Mono-Cast Centrifugal Cast Iron Pipe 
High resistance to Soil Corrosion 


GAS LINES 
SEWER LINES 
] OIL LINES 
FOAMITE LINES, ETC. 


i WATER LINES 


Used extensively for: 


CONDENSER COILS 
SPECIAL SERVICE 


Mono-Cast Alloy Iron 


PLAIN CARBON 


Centrifugally Cast Steel Tubes ! HIGH ALLOY, including 
18/8 & 25/20 CHROME-NICKEL 


AMERICAN CAST IRON PIPE COMPANY 


BIRMINGHAM 2, ALABAMA 
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Redington, H. R. 
National Tube Co, 
Box 266. 
Rimbach, Richard 
1117 Wolfendale Street. 
Speller, Frank N. 
6411 Darlington. 
Swensson, Stuart J. 
American Hot-Dip Gal- 
vanizers Assoc., Inc. 
1611 Ist Nat'l Bank Bldg. 
Wescott, Blaine B. 
Gulf Research & Develop- 
ment Co. 
P. O. Drawer 2038, 
Williamson, D. B. 
Peoples National Gas Co. 
545 William Penn Place. 
IPPER DARBY 
Bond, George 
141 Woodbine Road. 
VANDERGRIFT 
Larrabee, C. P. 
Carnegie-Ill. Steel Corp. 
Corrosion Lab. 


SOUTH DAKOTA 
ELK POINT 
Lutjens, Fred H. 


South Dakota Public 
Service Co. 


TENNESSEE 


MEMPHIS 
Stull, Fred D. 
Memphis Natural Gas Co. 
931 Sterick Bldg. 
OAK RIDGE 
MeWhortez, E. R. 
W. Malta Road, 


TEXAS 


AMARILLO 

Clifton, William M. 
Canadian River Gas Co. 
P. O. Box 951. 

AUSTIN 

Cunningham, Wm. A, 
Dept. of Chem. Eng. 
Univ. of Texas. 

Harrell, David, Jr. 

Old Georgetown Road. 
BAY CITY 

Burket, Robert M. 

2215 Rageley. 
BAYTOWN 

Armendt, B. F. 

Humble Oil & Refining 
Box 538, 

Camp, E. Q. 

Humble Oil & Refining 
Box 538. 

Kelly, Chas. F, 

Humble Oil & Refining 
Box 538. 

Phillips, Cecil, Jr. 
Humble Oil & Refining 
Box 536. 

Troupe, Ralph A. 

General Tire & Rubber 

Viles, Prentiss S. 

Humble Oil & Refining 
Baytown Refinery. 
BEAUMONT 
Eckies, W. W. 
Gulf States Utilities Co. 
362 Liberty. 
Stewart, W. H. 
Sun Pipe Line Co, 
San Jacinto Bldg. 


BORGER 
Roberts, L. J. 
Southwestern Public 
Service Co. 
Box 631. 


BROWNSVILLE 
Irwin, C. A. 


Rio Grande Valley Gas Co. 


5th & Elizabeth. 


COLORADO CITY 
Cobb, Sam 
Col-Tex Refining Co. 
Page, Milton L. 
Shell Pipe Line Corp. 
615 Hickory Street. 
CONROE 
Schwartz, Karl V. 
Tidal Pipe Line Co. 
Box 607. 
Tisdale, O. R, 
Tidal Pipe Line Co. 
Box 607. 


CORPUS CHRISTI 

Graves, R. W. 

Stratton Pipe Line Corp. 
Box 1702. 

Heinemann, Gustave 
Southern Alkali Corp. 
Box 1341. 

Mills, Geo. A. 

Central Power & Light Co. 
Box 2121. 

Noyes, E, N. 

Myers & Noyes, Consulting 
Engineers 
319 Nixon Bldg. 

Reeb, Fred C, 

Pipe Line Service Corp. 
Robstown Road. 

Shobe, E. H, 

Southern Pipe Line Corp. 
411 North Broadway 

Stephenson, G. W, 

S. W. Oil & Refining Co. 
Box 1147. 


DALLAS 


Bacon, Thomas 8S. 

Lone Star Producing Co. 

1915 Wood Street. 
Brown, E, A. 

Lone Star Gas Co, 

1915 Wood Street. 
Curran, Michael 

Owens-Corning Fiberglas 

Corp. 

404 Tower Petroleum Bldg. 
Delf, Leslie E. 

705 Ross Avenue, 
Frasch, H. H. 

National Carbon Co., Ine. 

Irwin-Keasler Bldg. 

200 South Ervay Street. 
Hughes, H. D. 

P. O. Box 1491. 
Koenig, E. A. 

Magnolia Pipe Line Co. 

Box 900. 
Neal, Jas. L. 

Owens-Corning Fiberglas 

Corp. 

404 Tower Petroleum Bldg. 
McCarthy, Robert A, 

3815 Woodland Drive. 
Puckhaber, Fred H. 

Wallace & Tiernan Co., Inc. 

1112 Liberty Bank Bldg. 
Stuart, J. B. 

Jefferson Elec. Co. 

4401 Caruth Street. 
Thompson, Van 

Southern Union Gas Co, 

1104 Burt Bldg. 
Williamson, Theodore 

Atlantic Pipe Line Co. 

Box 2819. 


Winn, Edward W. 

Sun Oil Co, 

P. O. Box 2880. 
Wood, Paul E, 

General Electric Co. 

1801 North Lamar. 
Young, C. A. 

American Petroleum 

Institute 
1205 Continental Bldg. 


EDNA 


Holloway, J. A. 
Houston Pipe Line Co. 


EL PASO 
Wainman, L. G. 
El Paso Nat'l Gas Co. 
Box 1482. 
FT. WORTH 


Davis, Jas. A. 
Empire Southern Gas Co, 
Box 230. 
Johnson, Gerald M, 
Sinclair Ref. Co. 
Pipe Line Dept. 
901 Fair Bldg. 
Ligon, John R. 
Sinclair Ref. Co. 
901 Fair Bldg. 
Wheeler, Wm. T. 
909 Throckmorton Street. 
FREEPORT 
Clere, Milton C, 
Dow Chemical Company 
1522 West 6th Street. 
Fisher, B. M. 
Freeport Sulphur Co. 
Drawer A, 
Hart, Porter 
The Dow Chemical Co. 
Jennings, Derwyn 
Dow Chemical Company 
1602 West 5th Street. 
Osborn, Oliver 
Dow Chemical Company 


GALVESTON 
Nicholls, Paul E, 
Texas Public Service Co. 
910-25th Street. 
Owens, Robert W. 
McDonough Iron Works 
2701 Water Street. 


HOUSTON 


Axtell, Oliver 
Rt. 10, Box 916. 
Bakke, O. M. 
Houston Laboratories 
Box 132. 
Barkow, C. W. 
3514 Hastings. 
Battle, Jack L. 
Humble Oil & Refining Co. 
Box 2180. 
Beatty, R. W. 
Humble Oil & Refining Co. 
Box 2180. 
Bedford, C, F, 
Stanolind Oil & Gas Co. 
P. O. Box 3092. 
Bond, Bethel 
Texas Pipe Line Co. 
Box 2332. 
Bond, Donald H. 
821 Texas Company Bldg. 
Brance, J. D. 
Brance-Krachy Co., Ine. 
4411 Navigation Blvd. 
Brannon, R. A, 
Humble Pipe Line Co, 
P. O. Drawer 2220. 
Brewer, T. J. 
Humble Oil & Refining Co. 
211 Humble Bldg. 
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Pipe Line Cathodic Protection 


The New 1945 model Jacobs Wihd 
Electric Pipe Line protection plant 
represents 10 years of development 
and proven dependability on pipe lites 
throughout America. Hundreds. in 
service. Maximum output in light 
winds, because of its larger propeller, 
extremely low annual maintenance 
cost, no operating or fuel expense. 


WRITE FOR LITERATURE. 


The JACOBS Wind Electric Company, Inc. 


Pipe Line Division, MINNEAPOLIS 11, MINNESOTA 


PROTECT PRECISION PARTS with 


RUST-BAN 392 


The unusual water-displacing properties of Rust- 
First Ban 392 make it exceptionally valuable in pro- 
tecting finely machined parts which can be seri- 
ously damaged by even small amounts of moisture. 
Parts may be sprayed, dipped or rolled in one 
operation and will remain rust-immune through 


Line of 
Defense: 
Against 
Rust handling, shipment and storage. For further in- 
formation, see your nearest Rust-Ban distributor. 


Sold in Texas by 
HUMBLE OIL & REFINING COMPANY 
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Brown, Charles D. 
Aluminum Co. of America 
1806 Commerce Bldg. 

Calhoun, George H. 

Shell Oil Co., Inc. 
P. O. Box 2099. 

Callahan, V. L. 
International Minerals & 

Chem, Corp. 
Magnesium Div. 
6401 Belmont St. 

Carmouche, H. D. 

Houston Pipe Line Co. 
Box 2412. 
Cavenagh, Frank 


National Rust-Proofing Co. 


1717 Blodgett 
Colley, W. Wallace 


Industrial Engineering Co. 


Box 2091. 
Conroy, John H. 


Industrial Engineering Co. 


Box 2091. 
Cook, Marvin 


Humble Oil & Refining Co, 


P. O. Box 2180. 
Culberson, Dunk 8, 
Glidden Engineering & 
equip. Co. 
P. O. Box 2435. 
Davis, Chas. T. 
Barrett Div. Allied 
Chemical & Dye Corp. 
M. & M. Bldg. 
Day, Stephen D. 
Pipe Line Service Corp. 
Oil & Gas Bldg. 
Fanett, H. M. 
United Gas Corp. 
Box 2628, 
Fickel, L. V. 
Tennessee Gas & Trans- 
mission Co. 
P. O. Box 2511. 
Fischer, H. E. 
Crown Central Petroleum 
Corp. 
Box 1759. 
Friedrichs, Carl C. 


Wallace & Tiernan Co., Inc, 


2615 Fannin Street. 
Glidden, D. L. 

Glidden Engineering & 

Equip, Co. 

842 1st Nat'l Bank Bldg. 
Gresham, Marie S. 

1853 Sul Ross Street. 
Griffin, G. G. 

Crouse-Hinds Company 

2801 San Jacinto Street. 
Hanes, Henry W. 

United Gas Corporation 

Box 2628. 
Harrison, Scott J. 

Metal Goods Corp. 

16 Drennan 
Henderson, E. L. 

United Gas Corporation 

Box 2628. 
Hodson, Fred W. 


Johns-Manville Sales Corp. 


2212 Polk Avenue. 
Holloway, J. A. 

Houston Pipe Line Co. 

Box 2412, 
Holsteyn, Derk 

Shell Oil Co., Inc. 

P. O. Box 2527. 
Hopkins, W. H. 

Tuboscope Co. 

1107 Commerce Bldg. 
Ingels, G. R. 

Cook Heat Treating Co. 

6233 Navigation Blvd, 
James, Jay R. 

The Dow Chemical Co. 

2205 Commerce Bldg, 


Jessen, Frank W, 
Associated Engineers 
1912 West Gray Avenue. 

Joplin, J. L. 

Buda Engine & Equip. Co, 
Box 1664. 
Kimbro, A. M. 
Shell Pipe Line Corp. 
Box 318. 
King, Lt. Glenn W. 
U. S. Navy 
Niels Esperson Bldg. 

Lester, Earl L. 

Kelite Products, Inc, 
1927 Hawthorne. 

Liston, Robert L. 

Cook Paint & Varnish Co. 
Box 3088. 

Luger, Karl E. 

K. E. Luger Company 
3618 Washington Avenue. 

McDonald, Lionel H. 

Shell Oil Co., Ine. 
Houston Refinery 
Box 2527. 

McGary, S. U. 

J. E. Mavor Co. 
506 M. & M. Bldg. 

McLain, Cecil H. 
Consulting Engineer 
528-A M. & M. Bldg. 

MeNeese, C. L. 

Houston Lighting & 
Power Co. 

Electric Bldg. 

P. O. Box 1700. 

McRaven, C. H. 

The Texas Pipe Line Co. 

Maccallum, A. F, ; 
Westinghouse Electric and 

Mfg. Co. 
2315 Commerce Street. 

Maher, John F. 

John Maher & Co. 
Box 381. 

Mavor, J. E. 

James E. Mavor Co. 
506 M. & M. Bldg. 

Mayes, H. B. 

Mayes Bros., Inc. 
Box 2062, 
Mendive, Anthony J. 
Non-Corrosive Products 
Co. of Texas 
2301 Commerce Street. 
Morgan, C. L. 
United Gas Corp. 
Box 2628. 

Moseley, E. L. 

South Chester Tube Co. 
904 Esperson Bldg. 
Mudd, O. C, 
Shell Pipe Line Corp. 
Box 2648. 
Myers, Leslie R. 
Shell Oil Co., Ine, 
P, O. Box 2527. 

Nelson, F. M. 

Texas Gulf Sulphur Co. 
1013 2nd Nat'l Bank Bldg. 

Nelson, Otis A. 

Houston Lighting & 
Power Co. 
1016 Walker 

Noser, W. P. 

Humble Pipe Line Co. 
P. O. Drawer 2220. 

Oates, J. J. 

Houston Industrial P. L. 
2021 Commerce Bldg. 

Parker, M. E., Jr. 

Pan-American Pipe Line 
Co. 
1236 Mellie Esperson Bldg. 

Price, Walter J. 

Port Commission 
5th Floor Civil Courts 
Bldg. 
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Rector, Paul F. 
Humble Oil & Refining Co. 
Rt. 13, Box 515. 
Rogers, Walter F. 
Gulf Oil Corp. 
Drawer 2100. 

Robinson, T. J. 

Bethlehem Supply Co. 
7100 Clinton Drive. 

Rolfs, E. L. 
Crutcher-Rolfs-Cummings 
413 Esperson Bldg. 

Scherer, Lewis F. 

The Texas Pipe Line Co. 
Box 2332. 

Scott, Gordon N. 
Industrial Engineering Co. 
P. O. Box 2091. 

Sharpe, L. G. 

Industrial Engineering Co, 
P. O. Box 2091. 

Smith, Thad, Jr. 
Bridgeport Brass Co. 
2216 Walker. 

Spafford, Perry P. 
Stanolind Oil and Gas Co. 
P. O. Box 3092. 

Sterrett, Elton 
1948 Lexington. 

Sullivan, R. J. 

Humble Oil & Refining Co. 
Box 2180. 

Thayer, Starr 
Consulting Engineer 
318 Southern Standard 

Bldg. 

Turner, Delber W. 
Petroleum Rectifying Co. 
P. O. Box 2546. 

Wahlquist, K. D. 

Dow Chemical Co. 
2205 Commerce Bldg. 

Waldrip, H. E. 

Gulf Oil Corp., 
Production Div. 
1906 Gulf Bldg. 

Willson, J. P. 

Houston Light & Power 
Co. 
1016 Walker St. 

Wilson, C. E. 

Tannehill, O'Riordan & 
Wilson 
P. O. Box 1192. 

Wood, Elgean I. 

Westinghouse Electric & 
Mfg. Co. 
2315 Commerce Ave, 

Wood, Hershel J. 

Lebanon Steel Foundry 
1505 Commerce Bldg. 

Zedler, Otto F. 
yulf Refining Co. 
Drawer 2100. 


JOINERVILLE 


Graves, J. H. 
Tidal Pipe Line Co. 
Box 777. 


KATY 


Beatty, R. W. 
Humble Oil & Refining Co. 
Box 276. 

Gorden, C. D. 
Humble Oil & Refining Co, 
Box 276. 


KIRBYVILLE 


Sawyer, S. E. 
United Gas Pipe Line Co, 


MT. PLEASANT 


Rook, C. G., Jr. 
Talco Asphalt & Ref. Div. 
American Liberty Oil Co. 


NEDERLAND 


Bedell, William 8. 
Pure Oil Co., 
Smiths Bluff Refinery 
Box. 237. 
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PORT ARTHUR 
southern, Charles M. 
Atlantic Pipe Line Co. 
Box 849. 
REFUGIO 
Rosson, J. H., Jr. 
Rosson-Richards Co. 
Box 634. 
SAN ANTONIO 
Allen, W. O. 


United Gas Pipe Line Co. 


P. O. Box 421. 
TAFT 
Yates, Louis N. 
P. O. Box 576. 
TEXAS CITY 
Forbes, M. C. 


Pan-American Ref. Corp. 


Jewell, Edwin 
Monsanto Chemical Co. 
P. O. Box 1311. 
Pettyjohn, A. R. 
Carbide & Carben 
Chemicals Corp. 
Box 471. 
VAN 
Wisdom, James Arno 
Pure Transportation Co. 
Box 25 W. 
WICHITA FALLS 
Gates, A. J. 
City of Wichita Falls, 
Municipal Auditorium. 
WINK 
Shaeffer, David C. 
Pasotex Pipe Line Co. 
P. O. Box 331. 


UTAH 


SALT LAKE CITY 
Purton, T. A. 
Utah Power & Light Co. 
Box 889. 


VIRGINIA 


PORTSMOUTH 
Aldrich, Lt. Comdr. 
Harold L. 
Shop Superintendent's 
Office 
U. S. Navy, Norfolk 
Navy Yard. 


WISCONSIN 


MILWAUKEE 
Higgins, Waldo W. 
Ceramic Research and 
Development 
A. O. Smith Corp. 


RACINE 
Brinen, Howard F. 
Young Radiator Co. 
709 S. Marquett. 


WYOMING 


THERMOPOLIS 
Satterfield, James L. 


Mountain States Power Co. 


P. O. Box 512. 


CANADA 


CALGARY, ALBERTA 
Brownie, F. A. 

Canadian Western Nat. 
Gas, Lt., Heat & 
Power Co., Ltd. 

215 Sixth Ave. W. 

Mellon, P. D. 

Canadian Western Nat. 
Gas, Lt., Heat & 
Power Co., Ltd. 

215 Sixth Ave. W. 


TRAIL, BRITISH COLUMBIA 
Busby, A. H. Wilson 
Cons. Mining & Smelting 
Co. of Canada, Ltd. 
Central Technical Library. 
SARNIA, ONTARIO 
Russell, Andrew 
Imperial Oil, Ltd. 
Christina St., S. 
TORONTO, ONTARIO 
Meagher, R. D. 
British-American Oil 
Co., Ltd. 
Royal Bank Bldg. 


AUSTRALIA 


MELBOURNE 
Hopkins, Arthur J. 
Hume Steel Ltd. 
P. O. Box 4534. 


MEXICO 


ROSITA, COAHUILA 
Moyle, M. W. 
Cia. Carbonifera de 
Sabinas, S.A. 


VENEZUELA 
CARACAS 


Hackett, Albert H. 
Venezuelan Telephone Co. 
Apartado 1226. 

Veech, William A. 
Westinghouse Electric 

International Co. 
Apartado 1889. 

Zuloaga,-Oscar M. 

La Electricidad de 
Caracas 
Marron a Pelota No. 8. 


CATHODIC PROTECTION AGAINST CORROSION 


Pipe-line companies and others having underground corrosion 
problems are offered time-saving assistance through: 


Graybar Specialists, cooperating with engineers of leading 
Graybar Suppliers, for consultation. 


The facilities of eighty-six strategically-located Graybar 
warehouses, for fast-action service in bringing together 
the required equipment and materials. 


For further information concerning Electrical Construction ma- 
terials for protective installations, call or write Graybar, head- 
quarters for “Everything Electrical.” 


5 


a 


ELECTRIC COMPANY 


In Over 80 Principal Cities 
EXECUTIVE OFFICES: 420 LEXINGTON AVENUE, NEW YORK 17, N. Y. 


Tay 
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The Master 
RUST Preventive 


Yes, we're now in our elev- 
enth year of rustproofing re- 
search and production . . One 
of the brightest stars in the 
NOX - RUST line is NOX- 
RUST 303-A — perfect for 
pipe lines and for outdoor, 
all-weather protection of 
metal structures.We’ll be glad 
to send you a free sample. 


Write 
NOX-RUST CHEMICAL CORP. 
2477 $. Halsted St., CHICAGO 8 
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ke pipe line equipment we've 
ottered the industry has been de- 
veloped from scratch by our organi- 
zation. Never has a single idea been 
taken from outside sources. Con- 
stant research over a period of 20 
years has developed CRC pipe line 
construction equipment that 
amounts to one of the major steps 
in the progress of the industry we 


exclusively serve. 


Crutcher - Rolfs - Cummings 
Pipe Line Equipment and Materials 
HOUSTON, TEXAS, U. S. A. 


Thea 
CONSTRUCTION] 
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The Rolling Coiled Spring 
Exploring Electrode is an 


exclusive patented fea- 
ture of the Stearns Elec- 
tronic Holiday Detector 
insuring thorough and 
uniform application of 
the inspection voltage to 
the insulating coating. 
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